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"X. Ohfcrvatwn on the variation of the needh\ 
with regard to Dr. HAky's chart : toge- 
ther 'with jome geographical remarh made 

from fea'journals^ by M. Delille *i trau" 

Jlated by Mr. Chambers. 

'Ather Gauye having communicated to me 8 
feveral journals of pilots, who lleered *hips 
from France to Newfoundland, and the jlme* 
rican iQands, I extra<5ted from them what appeared 
of moft advantage to navigation and geography ; 
and having the ufe hkewife of two other journals, 
oneof them kept by M Hebert, his majcity*s en- 
voy to the Indies^ and the other by M. Bi^ot de 
la C^ntt^ fecond heutenant on board the king*s 
ihJp the Sphere, to the coafts of Guinea and river 
de la Plata^ I have thought proper to join all 
the obfervations together made in thofe feveral 
voyages, becaufe all made nearly in the fame 
time, viz. in the years 1706, Z707, 1708, and 
1709. 

•July 16, 1710- 
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The obfervations of the variation of the needle 
are of iate become fo effential to navigation , that 
the pilots take all occafions of making them ; in 
etfeftj they cannot know the rumb in which 
they fai!, without firft obferving the variacioD j 
and when the weather wiJl not allow them to; 
obferve it, they are obliged to compute it from 
the obfervations of other navigators about the' 
fame places. They even begin to make ufe of ic ' 
for corre<5ting their reckoning, and finding, in 
fome meafure, the longitude, when, either by 
themfdves, or others, they know the variation 
which fliould be found in fuch and fuch places. 
Thu5 M, Ddumas^ firft pilot of the St, Lcuis^ dif- 
covered hereby, that he was palling the line more 
wcftward than his reckoning gave him, and in 
the latitude of the ifland Cape Verdy he perceived 
by the variation, that he was 30 leagues more 
weft ward than by l>is reckoning. He adds, that 
upon approaching the ifland of Bourbon, in the 
Indian fea, finding the variation to be 2-1 ''— 
Tiorth'wcft, he learned hereby, that he was to 
the weft ward of that line, when his reckoning 
could not tell him fo much. 

It would be needlefs here to relate the com- 
puted variations, our knowledge on this head is 
much too fcanty to make a juft computatiofi \ t 
ihall here therefore confine myielf to fuch as have 
adaially been oblerved, among which I fliall 
always prefer thofe obferved by the ampJitudcs to 
thofe by the azimuth i the former appearing 
furer, and lefs fubje6t to error. 

The longitudes I make ufeof are reckoned from 
the pike di Tmeriff^ .according to the charts of 
Pieter Ga&s^ which are rhofe commonly ufcd by 
our late navigators, for fctting olf dicir courfe. 
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At 120 leagues from the coafts of France ^ and 



year 



\ latitude, one of the piJoiSj in the 
1709, found the variation 8^^ nonh- 



weft by the fun's amplituc'cj and M, Daumas^ 
ill the fame place a lictJe before, found it the 
iame. Dr. Hailey'i chart makes it 6^ f, 

Ac 45** 7' latitude, and 1 1** 31' — 

longitude, he found the variation 6 ''^^^40 ■ - 
where Dr, Halky makes it 6*^ ^. 

AE45*' 20' latitude, and 358**— 

1 5'— — longirudej he found the variation 1 1** — , 
where Dr. Halhy only maJces it 9. 

Anodier pilot* fetting out from Rscbd for the 
Cape Verd iflands in 1708, found at 35*™35^ — • 
latitude, and on the meridian of 'Tmeriff^ the 

variation to be 4*^ 35 by the weftern 

amplitude: Dr, Halley makes it 4** 

Ata/**' 58' latitude, and 353** 

4^ longitude^ he found the variadon 4*^— ^ 

32' — where Dr. Halley makes it 2^ lo'— • 

At ^6*^ lat, and ^i^*^ 46' long. 

he found the variation 5** 8'„_-— . where 



Dr. Hallay makes it 3*- 



Another pilot at 46'^. 



.^ty— latitude. 



and 230 leagues diftance from Rocbd^ found the 
vjrjation in 1709, to be 7*'-^5o' — where Ds. 
Halley makes it 7* — 30 ^ ■ < 

Soon after at 260 leagues from Rochil^ and 

47^ — latitude, he found the variation 8" -^ 

where Dr. Halley likewife makes it 8. 

At 35* 45'-- lat. and 5" 

long, he found the variation 6"^ w 

Dr. Halley only makes it 3' 



here 



The firll pilot of the Marianne, at 4.3*^—45' — 
lat. and 340'' 4.6' long, found the va- 
riation in 1709, to be 13° . where Dr, Hal' 
iiy only makes it %, 
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All thefc obfervations were made on this fide 
the line of no variation, fuppofing them exaft, 
'the variations muft have incrcafed on this fide the, 
line, fince the time of Dr. Haliefs chart j but lefr] 
in one phce than another. 

M. Btgot de h Ctinte^ in a voyage to the rivet 

dels Plata in 1707, found at 44''' — -45' lat. 

and $2 leagues diftance from Cape Finifierre, thdj 

variation to be y*'- -20' north- weft, where 

Dr, Halley only makes it 6**—^ — 15' j and the 
fame variation he found in the 4. enfuing days, 
during which he made 60 leagues fouth-weft- 
wards. In Dr. Halky*s chart, it is 6'^ - - -^ all 
alono; this line. 



At7''- 



■15'- 



-lat. and i*'- 



-50'- 



where 



long, he found the variation 2^ 30'- 

Dr. Ilaihy only makes it 50'- — 

In the road of Judda^ on the Guinea coaft, 

he found the variation in 1708, 8^ ao'. M. 

Ha MarchaiSy in 1705, found it 8^—. In the 
fame place. Dr. Hal/ey only makes it 5^ - ■ ■■ - 

In the eaftern part of the iQand of San-Thomas 

under the line, he found it ii"' — 30' where 

J)r,Halky only makes it 5*^ — 30 

[» From hence M. Bigot failed fouth-e:ifl:erIy to 
4?— — -fouLh lat, not far from the cojfts of Cettge, 
from whence he always bore to the fouihwcftr, 
and weft- fouth- weft, as far as the mouth of the 
river de ia Plata, where he arrived in Aprils 
1708. This traverfe of 14 leagues is the fitteft 
that could be thought of for examining the va- 
riations afligned by Dr. Halley in this fea % and 
the more fo, as it cuts all Dr. H(illey*% lines al- 
moft perpendicularly. 

Along this courfe, the variation, which was 
north- weit, grew Icfs and Icfs every day, rill 
having made ^fo leagues, it entirely difappearcd, 

and 
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and henceforwards the yariations were north weft. 
This line of no variation Dr, HaUey makes 1 20 
leagues more eaflerly, than M, Bigot found ir, 

and makes a variation of i"* 30^ north- 

eaft, where M. Btgst found none; lb that we arc 
not to wonder, if rhe variation, found by M, Bi- 
got before his arrival at this line, were greater 

than that affigned by Dr. Halley^ by i or a" 

and fometimes more. 

In Jprily 1709, M. Bigot left the river de la 
Plata, and purfued much the fame courfe as he 
J}ad kept before, fcr the fpacc of about Soo 
leagues i but the cbfervations he made in return- 
ing do not agree with thofe made in going, tho* 
by eftimation he thought himfclf in the fame 
places, where he had oblerved before. The place 

rhere in going he found the variation 20' 

lorih-eaft, appeared by his eftimation 9" — more 
header] y, than that where he found the variation 
if26'in his return, and the other places in proportion 
to their diftance from the mouth of the river de 
la Plalay which probably arifcs from the waters 
)f that huge river, which com tnunica ting its 
current to the fea, by a mouth 30 leagues broad 
llrefted to the ealf, may be fuppofed to retard 
»thc motion of the Ihip in going, and accelerate 
'it in its returning. 

From hence M. jS/j^o/ failed to Martinico, and 
rin his pafiiige thence to France in 1 709, at 28**^ 
"^S^' — l^f- »nd 316** — 30'— long, tound the va- 
riation I*" 30' — north-weft, where Dr. H^lley 

makes it i** — north-eaft ; fo that the variation 
has here changed from north-eaft to north-weft* 
and the lineot no variation, which was eaftwards 
of this place, has travel led to the weft ward there, 
of fince Dr. Halkfi chart, if we may credit 
chefe cbfervations. 

At 
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At^z"— 15* — lat and 321*" — 45'— long. 



he found the variation 4" 
Hailey makes it 2' 



kfs. 



•lo', where Dr. 



At 36'' 50 kt. and 329" long, he found the 

variation 7°— ^-lo', where Dr. HaUty makes it 

4 30. 

At 45' — 8' lat and 305* — ^d long, he found 
the variation 10*^—10', which is s* — -more than 
in Dr, Hal!ey*s chart. 

From all thefe obfervationsj fuppofing them 

juft, it appears, firft, that in the parallel of 22*^^ 

jbuth ]atitLif^jtr» the line of no variation has fhifted 

1 20 leagues wcftwards, from the year 1 700 to 

1708. 

Secondly, That the variation has increaled on 
this fide that line, while it has diminifhed on the 
)Dther|; tho* in three or four places M. Bigot found 
k the fame as is expreJTcd in the chart j and ia 
Ibme othere found it even greater, unlefs we ra- 
ther choofe to caft the irregularity on the obfcr- 
Yations, which I believe the fafcft way. 

The fiiip5/'. Louts went with the Golden- fieea^ 
and the Maurepas went in 1706 for the SeutJb' 
/ea ; the obfervations made on board this iaft have 
already been delivered by M. Cajint -, but tha 
firft quirting the other two on the coafts of Chiii^ 
carried M. Heberi on to the India -, in which 
(^voyage, befides M. jD^»wtfj the pilot*s journal, I 
ive another kept by M. Brunei^ an officer in 
,tbefhip, who made feveral curious remarks, over- 
ikwked by M. Daumas, 

Tht* pilot putting out from Pcri-T^miis^ in 
^uly 1706, at 25 leagues north-norih-eafl: of the 
md of Porto-Santo^ near Madera^ found the 
'variation 5"— north-weftj where Dr. //d//^'s chart] 
L^oniy makes it 4> 

Clofc 
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Cloleby Madeira on the fouth- weft, he found 
it 4°- {, where Dr. HaJley only ms^kos k 

Between the ifland of Madeira^ and that of 
Faro^ he found it 4, where Dr. Haliey makes it j. 

At 50 leagues fouth- fouth^ weft of the ifland of 
FatQ^ he found the variation 3, where Dr, i/<a/- 
ley makes ic 2 . 

At 18° 15'lat. and 357° long, he found 

the variation 2"^ — |-, between which place and 
the bank of Bifagos^ on the coaft of Guinea^ he 
obferved the variation 4 times, and found it al- 
ways 2.° f ; Dr. Halley makes ic in thefe 

places about 1°, 

At 358^ — long, and S'' — lat. he found the va- 
riation 2? — , as well as at 3"- — .15' ht. and ic/ 
long, in both which places, Dr. Halley nukes 
the variation about i a degree. 

From this place, bearing to the fouth-e.^ft, as 
far as the equinoctial, which he cut at ^"^ — long, 
the variation in about 50 leagues courle changed 

from 2 to 3" at 50 leagues further from 3 to 

4* and at the end of 50 more, from 4 to 5". 

In ihcfe places, Dr. Halky only makes 1' or 

i*"— f variation, and in lieu of 50 leagues, makes 
80 Iragues between each degree of variation. 

Having paffcd the line he bore fouth- wcfterly 

as far as 9° of Ibuth lat. and 356° — 15' — 

Jong, where he alto found the variation change a 
degree in 50 ieag. diminilhing at this rate fi'om 
5 CO 4, from 4 to 3, from 3 to 2, and from 2 
to I J fo that at the end of about 250 leagues, 
there was no variation at all, and 50 leagues fur- 
ther, the variation was i ° north-«ift \ where- 
as hitherto it had been north- weft j io that the 
place where the ftiip cut the tine of no variation 
3 i« 
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is, by their account, loo leagues more weft- 
ward that! laid down by Dr. H alley. 

Proceeding on towards the ifland of Afc€nfion^\ 
at 20 leagues north-eaft of that ifland, M. Dau' 
fnas found the variation 6°— j where Dr. Hulhy 
alfo makes it 6" — i^north-eaft. 

Pafllng hence to the iQand Grande, on the 
coaft of Brazily M, Brunei relates, that the va- 



riation was found 11' 



3* 



which is much the 



I' fame as in Dr. fiall€y*s charts 

From hence pafllng to the ftraits oT Magellan, 

he found the variation at 12** north-eaft, where 

Dr. Halley makes it 12 |, 13 where he makes it 
131, 16 where he makes it 16 |, 17 where he 
makes 18 |, 18 where he makes it 19, 19 where 
be makes 19 f, and 19 | where he makes it 20". 
——AH thcic obfervations 1 relate, becaufe they 
confirm one another ; with regard to which it may 
alfo be obfervedj that the laft oblervation given 
by M. Briinef, was made in 40 ^"—30' — fouth 
lat. and that the fliip having failed 60 leagues 
under the fame parallelj he found the fame va- 
riation in three fucceJTive obfervations at this la- 
titude, which perfectly agrees with the inclina- 
tion of the lines of variation given by Dr. Hal- 
ley about this place, they being inclined from 
caft to weflr, for the fpace of 50 or 60 leagues, 
and thence turning infenfibly towards the fouth- 
weft in form of an ellipfis^ as far as the ftraits of 
Magellan. 

■ Arriving in Btcemher 1706, at the latitude of 
57* — ic/and 60 leagues fouth-weftward of the 
il: raits of Le Maire^ M. Brunet relates, that tFie 
variation was found 26° north-eaft, and that 

I the fame variation continued for the fpace of 40 
leaguts. Here our comparifon ceafes with Dr, 

HiiUsy*% 
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Halhf^ chart, which docs not give the variations 
in this fea. 

Having doubled Cafe Horn^ to the fouth of 
*Tirra del Fuego^ they arrived at the city Cm- 
ceptioHy on the coafts of Cbili^ where M. Brumt 
found the variation 9" — 30'. Hence they pra- 
cecded for Valparatfe^ where they found the va- 
riation 8* . At Pifco and CatieU 6° f, 

and at CallaOy the port ofLima^ 6° A I which 

obfervations agree within half a degree to thofe 
made on the Maurepas^ publifhed by M, Cajftniy 
who in examining the courfe of that veffel ob- 
ierveSj that as their latitude increaled, tlie va- 
riation inpreaied ; to which, from thefe obferva- 
tions of MeflT, Brunei and Daumas, we may add, 
that in the fame parallel, the furthiT they pro- 
ceeded from the fhores weftward, the variation 
diminiihed. 

Thus at 44° 45' lat. and about thirty 

leagues diftance from the coafts of Cbili^ they 

found 12° variation, and in the fame parallel 

•at izo leagues diftance from the coait found 
only 7*. — 

Between 40 and 41" — lat. at 10 leaguei dif- 
tance from the fliore, they found 9"^ variation, 

md only 6° at 130 leagues diftance from the 

^^me fliore. 

Between 30 and 31° lat. and 60 leagues 

from the fhorc, they found 7° ' ■■ • ■ variation, 
and only 5 at 220 leagues. 

The iamc ftiip departing from the Cmseptisn 
in December, 1707, doubled Cape Horn a fcCond 
time, came to anchor in the river Gnlkgua^ noc 
far from the ft raits of Magellafr, and from whence 
fet fail for the Cape o/G^ed Hope ; being, I thinlc. 

Vol. IV. N^ 35, C ttw 
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the firft Ihip that made this courie* fo that its 

obfervations are the more valuable. 

At their departure from the river GaUegua^ 

they found the variation 23°— north-eaft. 

At 60 leagues from this place, they fcund it 

ti° — north-eaft. 

At 30 leagues further 20"^ * 

At 1 50 leagues further 1 8 ' ' i 

At no leagues further i^"* '■< ^ 

At 150 leagues further 14**—- "* 

At 60 leagues further i^"^- 1 

At 50 leagues further 1 2 "■ 
Ac £0 leagues further i T 



30 leagues beyond this 10'' 
20 leagues furthers' 



At 1 00 leagues beyond this only 4' 



And, laftly, at 120 leagues further the varia- 
tion was nothing. 

All thefe variations are north-eafterly to the 
place where there was found no variation. — The 
following ones arenorih-wefterly. 

At 60 leagues further eaftward, they found 
the variation 2" — ^— north- weft. 

At 80 leagues further 4'* - 



At 60 leagues beyond this 7**— 

At 1 40 leagues further ^° — \. 
And, kftly, at 60 leagues further, near the 
■ *" Cape 6f Good Hope, where they arrived in Mar, 
17081 the variation was found 8°' 

Now, according to Dr. Hdlliy's chart, the 
variation fiiould have increafed from the place of 
their departure in the fpace of 240 leagues from 
20 to 23*' — and in the reft of their pafTage fhould 
have diminifhcd about 1° for every a''— of lon- 
itude, as far as the line of no variation, and 

from 
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From hence to the Ctfji><?» have increalcd north* 
weft ward J in the fame proportion as it had dimi- 
niihed north-eaftward ; but it appears on the con- 
trary, from thtfe obfcrvations, that the grcateft 
■variation found by them in the whole paflage, 
was in this place of their departure, where it was 

found 23°. Ic atfo appears, that when \i 

did diminiih, ihis diminution did not always pro- 
ceed in the fanie proportion as expreiTed in Dr. 
HalUfs chart 1 but that during the firft 50^ 
leagues, the variation diminifhed a degree for 

4'' -of longitude; after which they found it 

djrninifhed another degree, in the fpacc of a de- 
gree and half of longitude ; but henceforward the 
variations altered, as in Dr. HalUy\ chart, nrx^ 
1" — for 2 in longitude. 

It alfo appears from thefc obfervations, that 
.i'rom the year ) 700, the epocha of Dr. Halitf^ 
thart to the year 1 709, the line of no vartatioo 

/i;.fllifted 50 leagues wtllward in 35" ofj 

fouthern latitude. We have already obrerved, 

UE in the latitude of 22°^ it had iliifted i 20 

leagues, according ro the obfervations of M. Bi- 

^(j/, that for the 7° fouth, he found it 100 

leagues more weftward j and that at the latitude 

>f 1^^ north, he alfo found it more wrfteriy 

than Dr. Hallty makes it at that latitude 5 fo thatj 
the motion of this line weftward is confirmed by] 
kHiany obfervations. 

Proceeding from the Cape of Good Hope eaft- 

wards, thty tound the variation always JncrcaTe 

■ to the diftauce of 530 leagues from the Cape 5 and 

jjn 33*^ — -^ fuutb liti[udc, where tht-y found the 

Mvafi.ition 24° — f north-wt-ft, which is the great- 

cll ihey obferved in the Indian fea. Hence to 

Ci the 
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ihe ifland Bourbon^ and to Pmdkhery and Mer" 
^guy, they found it lefs and !efs every day, as a' 
their return they found it every day greater and' 
greater to ihe fame term, and about the fame dif- 
tance from the Cape. Dr. Halley only differs 
about haJf a degree from thefe obfervations. 

The other obfervations made by thefe perfbn* j 
In the Indian fea, differ .but httle from thofe re- 
liated by M. Caffmi^ fo ihac we content ourlelves 
•to refer to them. 

Thefe are aJl the obfervations of the variation 
[ihat the journals afforded, 1 (hall fubjoin fome 
[iremarks made from the fame journals for the cor- 
[reiftion, and improvement of fea charts, efptcial- 
ly thofe of Pieier Goes^ which might one day 
fbe rendered much more uftful to navigators, 
[ffrere a great number of fach journals made. 

The firft pilot of the Royal-daupbine took now 
tice of the Salvages, which are certain dangerous • 
[iflands to the north of the Canaries^ whofe fitua.* 
tion therefore cannot be too exadlly known by 
l^he pilots ; he found them very ill laid down oni 
I'tlie fea charts, being placed too much eaftward; 
rith regard to the ifland of Porio ScitsIo, at a, 
league and half fouth-weft of thefe iflands, he, 
[found the latitude 30'^ — Their number he ob- 
[fcrvcs is two, whereof the more northern one ii'i 
the greater, from whence a chain of rocks ex- 
tends for about three leagues fouih-wefliward % at 
the end whereof is a little round ifland, with fomo; 
, tl,it ground, where the fea beats extremely. 

The firft pilot of the St. Louis^ in his paflagc 
}tn the ifland of Afceniiou^ found it placed by^ 
^kier Gt/oSf half a degree too much norihward,^ 

itti 
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its laticade heobferved to be 20° 22\ inftead 

of 19° — 5a', as that author makes ic. 

The fhip Leuis we have a] ready noted to have 
been the fiift which failed from the ftraits of Ma» 
gellan dire<^!y to the Cape of Good Hope. At iti' 
departiire from the river Galieguas, it made eaft- 
north-eaft the ipace of 1350 leagues, which 
brought it to th^nt Cape \ but in the way at 36°— » 

54.' latitude, and 353° -10' longitude, by the 

^reckoning, they difcovcred an ifland about a 
eague diftance, and foon after two others, 3 or 

leagues to the footh-weft j and, laftly, a 4th, 
to the north- weft, which furprized them very 
much, they being 300 leagues from Jand. 

M. Brunei took thefe iflands to relcmble thofe 
of'Tri/ian de Cunha, which he had feen in hii 
voyage to China on board the Jmphitrite ; but 
M. Hebert^ and che firft pilot were of a contrary 
opinion, by reafon, according to the reckoning, 
they had yet only made 750 leagues from the river 
d£ Galleguas^ wiiereas Pieter Goos, placing thofc 

jQands in 12* of longitude, makes them 1050 

leagues from the faid river j and they were fur* 
ther confirmed in this opinion upon their arrival 
at the Cape of G&ed Hope^ where by the reckon- 
ing they found 35° of longitude, between 

thofe iflands and the Caps in lieu of 2 dis- 



according to the charr^ which makes a difference 
of 1 50 leagues in this parallel. Upon this they 
made no difficuhy of accounting them a new 
difcovcry, and gave chem the name of the He- 
kert iflands, or the new iflands of Trijian de 
Cuffha, 

Yet to me the opinion of M, Brunei^ who 
took them for the very iflands of Irijian de 

Cunka 
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Cfmia, appears much more probabJe. *Tis no 
new thing for pilots to make new difcoveries, 
and impcfe new names upon iQands known long 
befcH"e them, of which we have an inftance in 
the Hland of Sl Helen a, which having beea 
ptaced by the firft navigators more weflerly than 
it really is, was afterwards found by others more 
tefterly than it had been laid down In the charts, 
^hich m^de them take it for a new iQand in the 
fame latitude, but a different longitude from thq 
firft, and accordingly they gave it the name of 
the new ifland St. Helena^ and infcrted it in the 
fea tharts ; in moft whereof^ particularly thole 
of Pieter Goos, k is ftill found fo. The iflancj 
St, ApoUonia in the Indian fea is the fame with 
the ifland of Bmrbcn % and the IJle of Dsgs in the 
Sautb-Sea, found by Le Msire in 1616, is the 
fame with the ifland of TtburomSy difcovered 
by Magellan in 152a ; fo in all 
the new iftands difcovered by our 
are no otlier than thofe of Trijlan 
■For Dr. Halley^ who was at the iflands of Trif- 
ian de Cunba in ryoo, lays them down in his 
chart at the fame diftance which the reckoning 
©f thefe perfons required \ tho' the chart of Pseter 
^Gms malces them 150 If agues off-, and as to the 
diftance of thefe iflands from the river dt Gals- 
piaj, which by their reckoning was 750 leagues, 
*tK true, Dr. llalhy m.ikcs it 1 70 leagues more -, 
but then the longitude, in which ihnt author 
places the mouth of thi^ ri\'er, miift be dimi- 

•rifhed by 10' as I have done in my map of 

Souib America, from feveml aflurcd obfervations, 
and among others, that of an eclipfe on the 13th 
€>( Mar. i6<53, obfcrvcd by father Mafcardt in 
the valley of EzcaUns in Cblli j for by this ob- 

ieivatian^ 



likelihooci 
navigators, 
de Cunhs. 
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Jervation, compared with others made at Part's^ 
^ucalene is 72"*— | weftward of Paris, atll 
confequently the river of Galeguai, whofe diC- 
tance from Bucahne is known, fhould only be 68" 
from Paris ; add, that by the obfervations oS 
fii.\\itT Fmtaney 'm^i^2^x%y that the C^^tf ef Gosd] 

Hopeh ly'^ 45' more eaftward than Pan's i 

fo that the djftance between that Cape and the 

nvcr of Galigu as, muft be 84'' '25, which 

comes within a degree and half of the reckoning 
t^thcSt.LQuis, 



XI. 



'i6 Tbe Hi story and Memoirs of the 



' 5CI. RefeBions on tbe obfervations of tbefux 
and reflux of the fea^ made at Havre dc 
Grace, by M, BoilTaye du Bocage, pro- 
fejjor of hydrography^ during the years 
170 1 and 1702. by M, Caffini, ji^« *, 
iranjlated by Mr. Chambers. 

The place chofen by M. D« Bocage for his 
[• obfervations, was a part of the port heft under 
fheltcr, here he ercfted a plank 10 feet \ long 
againft the wall of the port, and divided it into 
inchesj whereon he obferved the tides which 
happened in the day-time, having no conveniency 
for taking thofe of the night. 

He obferves, that the fea, while it rofe, drove 
to the fouth-caft and to the north -weft, when it 
fell J that the wind which traverfed the road was 
weft-north-weft, and at the entrance of the port 
lay in the di region of the weft- fouth- weft wind. 

The journal of his obfervations begins on the 
9th of Afrily 1 70 J, and ends on the 26th of 
May^ 1702. 

Ac firft he contented himielf with marking 
-day by day the part of the plank to which the 
' flood rofe, with the winds chat blew both in the 
ebb and flow ; but two months after, beginning 
on the loth of Juneht obferved the hours and 
minutes of high water, which he continued till the 
end of his oblervations, excepting a little interval 
between the nth and 28th of Nov. during which 
he was obliged to have his watch mended. 

Upon examining the times of high water ob- 
ierved at Havre de Grace^ we find that on the 
days of full tnoon, the flood ufually happens a 
* Aug. 13, 1710, 

little 
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little after 9 in the morning. The earlieft high 
water was on the i grh of July^ the day of full 
moon, when It happened at 39' paft 8 in the 
morning 9 and the lateft was on the i2ih of 
Aprils at 39' pad 9 ; which gives a variation of 
an hour, in the time of the tides for the day of 
full moon. 

Suppoflng rh- time of high water at Havre di 
Grace on the d.iy of full moon to be ar 9 — 26' in 
the morning, when the time of full moon coin- 
cides with rhat of high water, and that an al- 
Jowance is made of 2' for each hour, that the 
time of full moon comes, before or after the time 
of high water, as already fettled at Dunkirk^ we 
we lliali find lefs variations in the times of high 
water obfcrved at Havre de Grace. For an in- 
ftance, on the 19th of 7«6'> ^7ot, high water 

happened at 8 39' in the mornings which is 

the greatdl anticipation M. Du Bocagc obferved. 
Now full moon is marked that day in the alma- 
nack at II — 50' in the evening, the difference 
between 9' — 26' in the morning, and ii'' — 50' 
■'in the evening, is 14" — ^24' j to which at the 
rate of 2' per hour anfwer 29', which fubfl:ra<5ted 

fi'omg'^ — 26', give 8 57' for the rime of 

ligh water, within J 8' of what was obferved at 
'Havre de Grace. 

'Tis obferved, thit the igch o^ July^ J^oi, 
is the fame day on which thegreattft acceleration 
of high water at full moon was obf^ftved at Dutt' 
kirk. 

As to the liteft high water on the days of full 
moon, it wasf-undon the 12th o^ April ^i <^' 

^39% the full moon happening ato' — -^13' 

in the evening \ fo thnt here fliould have been 
an anticipation of 6', which fubtra£led from 
9 26', givfS the time of high water on the 

Vol. IV. N^ 35. D nth 
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1 2th of ApriU 1 70 1, at ^^ ^20' within 19' of 

what was obferved. 

Upon a like examination of the obfcrvations 
of high water made at Havre in the time of new 
moon, it appears at firft fight, that the floods in 
the new moons happen 12 or 13' later, than in 
the full moons ; and yet allowing for the accele- 
ration or retardation ofa'p^rhour above- men- 
tioned, and fuppoling the time of high water in 
the new moons at Havre^ to be at g — %& in the 
morning, as in the full moons, the obfervations 
of the full moons will be cafily reconciled to thofe 
of the new moons, excepting two, whofe regula* 
ricy was extraordinary, there being an anticipa- 
tion of feveral minutes in the time of high water, 
between one day and another, in lieu of the ufual 

retardation. — — The new moon, wherein high 

water came the earlieft» was on the 2 9th of Nov. 

1 701, when it was flood, at %^ 56' in the 

new moon is marked in the 

11' in the evening of that 

9"' 26' in the 



morning, and the 



lO" 



almanack at 

diiy, the difference between 



■ II' in the evening, is 12" 
anfwer 25' Is which fub- 
-26', by reafon the new 



and 10'' 

45' i to which 

ftrafted from 9 ^ ^ 

moon happened on the evening, gives the time of 
high water at 9^ - o^ j-, within 4' of what 

was obferved. 

It is obfcrvable, that this new moon was the 
fime as that wherein the greateft acceleration of 
high Winter was found at Dunkirk, which we have 
attributed to the time of new moon, which hap- 
pened at 10" 1 1' in the evening. 

The new moon, wherein it was found flood 
the laten-, was that o^ Augujl the 4th, 1701, 

high water on that day was found at 9^^ 48' 

in the morning, and the new moon is fixed by 

the 



RoyalScademyo/' Sciences, ig 

the almanack to lO^ — 1^' in the fame morn- 
ing. Now by the rule laid down, high water 
would have happened ac 9' 24' in the morn- 
ing, within 24' of what was obferved j but it is 
obfervabJe, that from the 4th to the 5th of Jug, 
there was an anticipation of 1 1' in time of high 
■water, in lieu of a retardation j fo that nothing 
can be built upon this obfervatlon, nor even upon 
that of the 2d of SepUm&er, 1701, the day of 
new moon, when high water was obferved ac 



g' ^ ■ - 46' in the morning, there being an antici- 
pation here likewife of 20' from the zd to the 
3d of Sept. 

As to the highefl: tides at Havre de Grace, they 
1 do not ufualJy fall upon the day of new and full 
moon, but one or two days after, as has been ob- 
ferved at Dunkirk; and as ihey have likewile 
been found not only in other parts of the chan- 
nel, but On the coafts of Africa and America. 

The higheft tide obferved at Havre was on the 
15th of Feb, 1702, when the flood role iS feet, 
3 inch. 3 days after full moon, which had hap- 
pened on the 1 2th of the lame month at g ^ 
2' in the evening, the wind was then very ftrong, 
and blew at fouth-fouth-weft, which confpiring 
with the tide, and driving ic towards the port, 
might have contributed to its extraordinary eleva- 
tion that day. 

As to the tides near the equinoxes at new and 
fill) moons, fome of them are higher, and others 
lower fo that it can be no rule at Havre^ that 
the equinoctial tides are the higheft. 

What is further remarkable is, that the heights 
of the tides keep exactly pace with the different 
diftanccs of the moon from the earth in all ftates, 
whether near the equinoxes, or at any diftancc 
therefrom, as has like wife been obferved at Dun- 
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kirk. 
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kirk.— 

1701, two days after the new moon fucceeding 
the vernal equinox, the height of the water was 
found 15 feet, 6 inches, 6 lines, which is lower 
by I foot, 3 inches |, than on the loth of May -, 
two days after the next full moon, which yet was 
further from the equinox, agreeably to the di- 
ftanceof the moon, which was farther from the 
the earth on the 8th of Jpril^ the day of new 
moon ; than on the 24th of Aprils the day of full 
moon 5 fo on the 19th of Sept etnker, 1701, two 
days after the full moon next the autumnal equi- 
nox, the height of flood was found 1 5 feet, 1 1 
inches, which was lower by i foot, 10 inches, 
than on the 4th of Oflohr -, two days after next 
new moon, when the water was found 17 feet^ 
9 inches, high, one of the highefV tides that had 
been known ; and again on the i6th of next 0£}o- 
ber, the day of full moon high water was ob~ 
ferved 16 feet, 3 inches, which was lower than 
on the 4th of Otlshr ; and on the i ft of Ncvem- 
ter it was found 16 feet, u inches, which was 
higher than on the 4th of OSisber. 

Thefe different heights of the tides cannot be 
owing to the different diftances of the fun from 
the equinoxes; fince the water was lower near the 
equinox, than in the other obfervations further 
from it i but they agree perfeftly with the diffe- 
rent diftances of the moon from the earthy at the 

time of new and full moons. — — For on the 

17th of Sept ember y the moon was further from 
the earth than in the other obfervatlons on the 
2d of OBober j it was nearer on the 16th 
fame month ', it was further dlftant than 
4f h, but lefs on the 1 7th of September i 



of the 

on the 

and on 

the 3 ift of O^ober it was nearer than on the 1 7th, 

further than on the 4th of O^ober. 

I It 
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Ic would be tedious to rehearft all the relations 
between the obrcrvattons, and the diftancesof the 
moon from the earth ; it may fuffice to obfefvc, 
that on the 15th of Marck, 1702, high water 
was found 17 feet, i inch i, whereas on the 30th 
of March, at an equal diftance from the equinox, 
k was only found 15 feet, 8 inches; and that 00 
(he 1 5th of April k ^as obferved 1 7 feet, 6 in- 
ches ^ i and on the 28th of Jpri/^ 15 feet, 2 in- 
ches, all which agrees with the different diftanccs 
of the moon, which was nearer the earth on the 
15th of April \ and further off on the 28th of the 
fame month, than in any other preceding obfer- 
ration, as may be fttn in the following table; 
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If now we examine the time of high water ob- 
ftrved in rhe quadratures, we (liall find it happen 
at Havre go' paft 2 in the evening. 

Among the 23 obfervations made hereof, the 
flood which conie the earheft, was on rhe 6th of 
March^ 1702, at 1—55' in the evening, and the 
lateft, on the 5th of Mrt)r, at 3'*— 30'. 

To frame fome riak of this variation, we fup- 
jtofe the nncan time of high water in the quadra- 

mres at Havre, to be at 2" 40' in the evening, 

and add or fubtra6t from this time 2' per hour, 
for the time which the quadrature noted in the 
afmanack anticipates, or comes behind the mean 

rime of high- water, as fixed at 2'' 40' in the 

evening. 

For an inflarx? on the 6ch of Marcb^ 1702, 
high water was obferved at i*" 55' in the even- 
ing J the firft qu^tdrature is noted in the almanack 
for that day at lo" — 24'in tlie evening, the difie- 
rence between 2^' 40' and 10''^ — 24' in the evening, 
is 7' — 44', to which, at the rate of 2 'per hour, 

anfwer 15' i, which fubftrafted from 2' 40', 

gives 2'' — 24' I, for the time of high water 

iwithin i</ T of what was obferved.- So on 

the 5th of Mflj, 1702, the dajr when the lidc 
came Jatcft in the quadratures, high water was ob- 
iervtrd at 3 '— - — 30', the firft quadrature is fiited 

in the almanack at I 59', that day in the 

morning the difference between i" — ^59' in the 
morning, and 2' — -40' in the evening, is 12 — 
41', to which at 2 per hour, anfwer 25', which 

added to 2' ' 40^ give 3— 5', for the 

ttme of high water within 25 of what was ob- 
ferved. 

The time of high water would have been found 
more exafitly in thefe two obfcrvations, it in liru 
•f 2' for each hour of anticipation, or retatdation, 

we 
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id taken 3^, which agrees nearer with the re- 
tardation of the tides from 1 day to another, about 
the quadratures which ufuaJly exceeds an hour. 

High water happening at Bavre in the new 
and full moons at 9" — 26' in the morning, and in 
the quadratures at 2''' — -40', wt have 5'' — 14' for 
the interval between the times of high water from 

the new and full moons to the quadratures, 

This interval < was found at Dunkirk 5"— 12', 
which fliews the great conformity between the 
times of the tides in thofe 2 ports. 

As to the leaft tides obfcrved at Havre de Grace, 
theydo not ufually happen in the 2 quadratures, 
but I or 2 days after the firft or laft quarter.^ 
The loweft tide was found on the 8th of M&rch^ 
1702, two days after the J ft quadrature^ the wa- 
ter on that day rifing only 9 feet, 8 inches, 4 
lines i and the higheft tide, as already mentioned, 
happened the 15th oi February^ and rofc 18 feet^ 
3 inches; ib that there is a difference of 8 feet, 
7 inches, between the higheft and loweft tides at 
Havre % whereas the difference was only found 7 
feet at Dunkirk. 

By comparing the different heights of the tides 
obferved at Havre, about the quadratures, we 
Mkewife find them bear a near relation to the dif- 
ferent diftances of the moon from the earth, as 

will appear from the following table. ■ 

Where it ts obfcrvable, that on the 2 2d of jfanu- 
^'7* 1 702, the moon being in Perigeo about the 
quadratures, the height of the flood was found 1 3 
feet, 2 inches, 8 lines, which is lefs only by 2 
feet, thanon the 28th pfy^'prrV, 1702, two days 
after the new moon, which was then in apogeo. 
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■ tides in the quadratures at Havre de Grace. ^H 
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After afcertaining the retardation of the ddea 
in the new and full moons, and quadratures, we 
examined all the obfervations at Havre de Grace, 
and foand that the mean retardation of the tide 
from one day to another was almoft perfe6tly the 
fame with that obferved at Dunkirk j fo that the 
fame rule may fcrve for finding the time of higb 
water every day in the year^ in both thofe ports* 
We have alfo drawn up a table of thefe retardations, 
like that given for Dunkirk^ by means whereof it 
rnay be fbynd, whether the ebbing and flowing 

follow the fame rule in other ports. In order 

hereto, the mean time of the tide muft be fettled 
in each port» for the days of new and full moon, 
and quadratures for the reft, the rules will obtain 
already prefcribed. 

The tides in this table are marked for every 1 2 
hours after full moon, for the convenicncy of 
finding the rnorning and evening tides. 



I 
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9*^26' M. meati 
time of the high 
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the day of the 
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time of the high 
tide at Ha^vrtf 
the days of the 
the quadratures. 
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Rule firft. To find the time of Wgh water at 
Havre, for the days of new and full moon, and 
quadratures. 

Look in the almanack for the time of new and 
fuH moon, and quadratures, and take the diffe- 
rence beEween ihis and the mean time of high 
water expreffed for the day of that phafis ; 
doubling this difference, you will have the num- 
ber of minutes to be added to the mean time of 
high watfr, if the phalis anticipate fach mean 

ticnc. 
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time, or be fubtra<^ed from the time of the phafis, 
come behind the fame, the refulc will be the true 
time of high water for the day of the given pha- 
fis, whether it be new or ftill moon, or one of 
the quadratures. 

For an inftance, fuppofe the time of high water 
required for the day of new moon in Jan. 1702. 

In the Ephemsru wc find new moon marked on 
the 28th of January at 0^—^57' in the morning, 
the difference between o'' — 57' in the morning, 
and 9*" — 26' in the morning. The mean time of 
high water at new and full moons in this pore is 

%^ — 29', the double whereof, viz. 16' 58" is 

the number to be added to g" 26'. The mean 

time of high-water at Havn on account of the full 
moon's anticipating the time of high water the 
iiim, viz. 9*"— 43 'is the true time of high water 
on the 28th of January, 1702. M, da Bccagc 
Obierved it g"" — 45^ 

Rule 2d To find the time of high water ac 
Havre for any given day. 

Seek by the firft rule the time of high water, 
for the day of new and full mooOj or quadrature, 
next preceding the given day ■» to this add the re- 
tardation of the tide corrcfponding to the diffe- 
rence between the given day* and the day of the 
preceding phafis, the fum will be the time of high 
water for the day required. 

For an inftance j fuppofe the time of high wa- 
ter required for the firft of Fei>. 1702. 

By iht Ephemsris the phafis immediately pre- 
ceding the firfl of February^ is new moon, which 
happens on the 28th of January^ iyo2^ at 

O' 57' in tlic morning ; four days before the 

day given, the time of high water that day is 
ibund in the preceding example to happen at 



I 



9 — 43 in the morning \ add to this 2'.— 42' far 
3 the 
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the retardation correfponding to 4 days, the fum 
will be the time of high water on the given day, 
viz. o^ — 2$' in the evening. M. du Socage found 
it that day ato" — 15' in the evening. 

To find the time of high water immediately pre- 
ceding, or following a time thus found, we muft 
fubtraft or add the difference in the table corre- 
fponding ro t2^\ We may Jikcwife apply 

to Havre de Grace the three laft rules kid down 
for finding the higheft and lowcft tides at Duu' 
kirk. 

As the interval between the new and full moons, 
and quadratures, there is from 6 days to 8, it fol- 
Jows, that when this interval is 6 daysj the retarda- 
tion of the tide between one day and another, mult 
be greater than when the interval is 8 days. - ■ -» 
And hence for the greater accuracy, we have 
framed a table wherein the retardation of the tide 
is affigned according to thofe different intervals. 
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A T'ABLE of the retardation of the fides. 
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*ro make ufe of this table, we find in the Epbi' 
mtris the numbers of days between the phafis im- 
mediately preceding, and that fucccding the given 
day, and take the retardation of the tide exprefled 
in the column under that number of days. 

For an inftancc j fuppofe the time of high water 
required for the ift of February^ 1702, which is 

the jnftance propofcd under the 2d rule. The 

Phafis next preceding the ifl of February ^ is the 
new moon of the 28th of January, and the phafis 
following it, is the firft quadrature which happens 
on the 5th of February j the interval between 
chefe two phafes is 8 days: feek under the column 

Vol. IV. N'. 35. F marked 
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marked a-top with 8 days, the retardation anfwer- 
ing to 4 days, which is 2 hours 31 ;- add this to 
9' — 4.'^' (the time of high water on the day of the 
pretreding new moon found by the rule) and the 
fam wili give the time of high water on the ifl of 
Felruaryy 1702, ato' — 14' in the evening within 
a minute of what was ainiualiy obferved. 

XII. ReJleBions on the obferuations of the 
tides made at Breft, and at Bayonne, by 

M, Callini, the Jon. * 

Having found, that the obfervations of the flux 
and reflux of the fea, made at Dunkirk^ and Ha- 
tfre de Grace agree, fo that we may ufe the fame 
rules to find in both thele ports the time of high 
water, for every day in the year, precifely enough. 
We have thought proper to examine if thefe rules 
agreed wi h the obJervations upon the tides made 
at Brefi and Bayonne^ by MelT. de la Hire and 
Picard. M 

Thefe obfervations are related in the colledtion' 
of the travels of the academy -, they were made 
at BreJ^^ in September 1679, in the king's garden, 
which has a view to the port where the fca is com- 
••'monly very calm. 

MeflC de la Hire and Picard obferved there, 
from the i8th to the iZihci September^ the time 
of high and low water. They did not wait to 
make their obfervations, till the tide was entirely 
high or low,*becaufe then it remains too long in that 
(Vate ; but they marked 2 dillant times before 
and after, in which they found it at a certain cxaft 
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;ighr, which iafted fo ]itt!e, rfiat they made no 
lifficujty ro mark even to feconds. They aftef- 
wards took the middle of the time which pafled be- 
'kween the correlponding oblervatlons. 

In comparing at firft the retardation of the tid<?, 
from the 18th to the i^thoi September, they found 

48' equal to the mean motion of the moon. This 
:tardation is afterwards a little Jefs to the 26th 
if the fame month j but from the 26rh to the 
tSth, it is excefllve, there having been from the 
:6th CO the 27th, a retardation in the time of high 
^acer of i'' 9' 45", and from the 27th tO the 28 th 
if i^ 30' 30". 

As the rules, that we have prefcribed to find 
the time of high water at Dunkirk and Havre de 
Grace^ require the knowing the days and hours 
of the new and ful 1 moons, and of the qiiadra- 
tures, we have examined the days of the moon, 
ipon which thefe obfervations have been made» and 
lave found in the C&nnoijfance des Temps of 1 6y^y 
that the moon was at the fuJl on the 20th of Sept. at 
7 ' 48' in the morning j and in the laft quarter, the 
26th, at 7' 4' at night. The aoth oiSept. the day 
of the full moon, the height of the tides was not 
iobferved there : but by the comparifon of fonic 
[obfervations that were made the preceding and 
following days, we fee that it muft have hap- 
pened about 4 in the evening. We find after- 
wards, that the retardations of the tides was in 
diminifhing, and pretty near agree with th^it 
which refuks from the rule *, but from the 26ih 
to the 28th, the daily retardanon was greater, 43 
it ought to happen according to the rule. 
For fhe bft quarter of the moon being the 26th, 
lit ought to have a retardation from the 2 6rh 
to clic 27th of 1 8', and from the 27th to 
F 2 the 
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the 2Sih, of i" 24', within a few minutes of what 
was obferved from the 26th to the 27th of i** Ky, 
and from the 27th to the 28 th of i*" 30' 30", 

For the more cafy comparing the rule with 
the obfervations, we have prepared the folJowing 
table i where there is marked in the firft column, 
the day of the obfcrvation \ in the fecond, the 
time of the high or low water, determined by the 
obfervation j in the third and fourth, the time 
calculated according to the firft and fccond table j 
and in the fifth and fixthj the difference between 
the time obferved, and the time calculated accord- 
ing to the firft and fecond table of the retardatioa 
of the tides» 
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To be able to compare the rule of the retar- 
daiion of the rides with the obfervations, they 
firft fought in the Cennoijance des Temps of 1680, 
the days and hours of che f hafts of the moon^ and 
they found that the moon entered the laft quarter 
the 15th oiSepUmbiT^ 16S0, at i'' 4' in the morn- 
ing i that the new moon folJowing happened on 
the 2 2d at 7' 30' in the evening ; and that the 
firft quarter happened on the 30th of Sepiembir, 
i I " 4 in the evening. 

It follows then from the rule that to begin from 
the 1 ^xho^ September^ the day of the laft quarter, 
there ought to have been a great retardation in the 
tide from one day to another, during 3 or 4 days j 
that from the 2 2d oiSeptemkr the day of the new 
moon to the 30th of SepiemhsTy the day of the 
]aft quarter, there had been an acceleration in the 
tides J and that from the 30th of September^ to the 
4rh of OSiobeTT, there ought to have been a retar- 
dation in tlie tide, which entirely agrees with the 
obfervations. 

This conformity of the rule of the retardation 
of the tides, with the obfervations, has given us 
room to examine, whether they agree in all the 
circumftances. For this is fuppofed, that the 
high water happens at Baymne^ the day of the 
new and fiilJ moon at g' 30', the fame that is 
marked in the Connaijfancs des Temps. The in' 
terval between the time of the tides from the new 
or full moon to the quadratures, being 5'' j 4 » as 
they found at Havre, we fhall have the time of 
high water in the quadratures, at Bayonne^ at S"^ 
44'. Upon thefe hypotbefes they have calculated 
by the rules prefcribed in the preceding memoir, 
the time of the high or low water in the obfer- 
vations made at Bdyenne^ fince the 15th of Sipt. 
and they have m.uked them in the table fubjoin- 
3 ^^* 
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with the differences, which are for the mofl: part fo 
fmall, that we could never have hoped to have been able 
arrive at fo great an exaftnefs. 

A table of the tides obferved at Bayonne. 
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BLE of the fides obferved at Ba 
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Xin. An examination of the ftlk of Jpiders^ 
hy M. de Reaumur *i tranflated by Mr* 
Chambers. 

The publick diflike had long Iain heavy on 
the fpider, and notwidiflanding fo many curious 
things publifhed of it by feveral learned men, ic 
was ftll! looked upon with fome degree of hor- 
ror, and held a dangerous, or at leall a ufeJefs 
infeft^ till a year ago, that M, Botti firft prefi- 
dejir of the chamber of accouncs at Montpellkr^ 
procured it a more favourable regard. There is 
room to hope, that the extraordinary things he 
has ihewn of it, may be turned to fome advan- 
tage i fince, like the filk-worm, it fpins a filk. 
Capable of being made into the lineft works j of 
which the gloves and ftockings he then prefented 
to the royal academy of MontpdUer^ are an in- 
conteftiblc proof. A like prefent of gloves has 
been fince made to the royal academy of Paris-, 
where the difcovery, having fome air of ufeful- 
nefi, was thought worth the purfuing i either that 
the publick might reap the fruit thereof, or at 
leaft that the infamy might be removed of ne- 
glecting any thing that might be beneficial. The 
fate of the filk of worms is notorious, which tho' 
known had remained almoft ufelefs for many 
ages i and it had been inexcufable lo let the filk 
of fpiders run the fame fortune. 

The academy therefore thought fit to depute 
two members, to purfue what M. Bon had fo in- 
genioully hinted ; and I was one of thofe the 
choice felt upon. I accepted it accordingly, not 
only as the publick good feemed concerned therein^ 
but our illuftrious prefident, the A^^c Bignon^ 
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ftemed kindly to intereft himfelf in behalf of tha 
poor fpiders. 

To go orderly to work» I held it my chief 
bufinefs to confidtrr the C\\k of fpiders, with re- 
gard to that of worms, in order to find by this 
Comparlfon, whether the new filk would be of any 
fervice, anfwerable to what we receive from the 
<j!d j for it was no longer any queftion, whether 
the fpiders fpin at certain times a fort of filk fit 
for manufafturing j this had already been de- 
monft rated by M, BoJt^ paft all exception \ but 
whether they fpin a filk that may be of advan- 
tage to the publick ? To determine this, *fis not 
enough to find the fecret of feeding and bringing 
up fpiders, as fome learned men have fuppofed, 
but to find whether, granting this fecret known, 
the fpidcr filk will come as cheap as the other i 
or, in cafe it be dearer, whether this inconveni- 
ence be compenfated by any other advantage ; 
Thefe two points were what I chiefly aimed at la 
my inquiry, and to thefe all I fiiall offer in the 
cnfuing difcourfe is reducible. 

The artifice, which fpiders make ufe of to 
catch flies, has taught all the world that they feed 
on thofe inft^ ; but 'tis obvious, that there is no 
feeding a number of fpiders, fufficient to furnifh 
a filk manufafture with flies. What flratagem 
mufl: be uled to take the daily quantity of flies 
neceffliry for fuch purpofe ? and tho' the method 
of catching flies was never fo much improved,' 
what better (liould we be, when *tis vifible, that 
all the flies in the kingdom would hardly fupply 
fpiders enough to make even an inconfiderable 
quantity of filk, as may be eafily inferred from 
what we have to urge upon our fecond article. 
• Recourfe therefore muft be hud to fome neW 
ftiod, whereof a fu^cient quaiuiry may commo- 

* t * ' ' ■ dinnflv 
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4(000^ be had. Now die rapacious difpontion 
ofthefpider is a fufCcient indication, that this is 
not to be had firqra plants, and th^t neither their 
flowers, leaves, nor fruits can afford them a pro- 
per nutriment. I did not omit, however, to try 
fuch foods, leafl [ Ihould have it to reproach my- 
felf with negleftingany thing, and becaufc I \if^$ 
aware, that in matters of experiment, things fre- 
quently happen otherwife than was ^xpe<5i:ed j but 
nothing I could give them of this kind proved any, 
food at all. 

Yet 'tis vifible^ that flics are no - , .only food 
^s may fuppiy them i for tho* il - ;fe a^n4 
garden fpiders live chiefly thereof, ) ^^ ^h^vc 
frequently obfrrved them fall with equal ^petite 
upon other infe(9:s, which happen to be caughc 
in their toiJB ; and the fpiders in particular, which 
inhabit the bolea of old walls, had made me fur-r. 
tber fenfible, that no infe£t conies ami 6 to ihetn ^ 
far, upoo yifuing their cells, I have ufually 
found thecarcafj'es of diverfe kinds of infedls there^ 
ip, as millepedes, caterpillar^, butterflies, £^<-- 
. My bufinefs therefore feemed to be to find 
fome infeil, whereof there is ftore enough to hi 
^kly had» apd nothing but earth-worms appeared 
tip, aniwer this view ; as tp quantity, the gardens 
and fields are full of them i witncfs the allies of 
gartlens, which, after a rainy night, are covertd 
<^ver with little round bits of earth, each-whereof 
<50vej^ a hole, at which an earth worm \nd arofe^ 
nor is there any difficulty in taking them, pro- 
vided you go in the night with a casdle, and re- 
member never to feek for them after a nt of dry 
weather, 

'Tis true, I hare never found any earth-wornus 

in fpiders webs, or holes, but this was no great 

objeiftion, conf»dering the weight of the inicdt, 

G 2 and 
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and its keeping altogether on the ground, which 
makes it impolTible for the worm ever to come 
within the fpider's clutches. In efFedt^ my ex- 
pedlation was anfwcred j for fhutting up feveral 
large fpidcrs of diverfe kinds, which had over- 
Jived the winter, and given them pieces of worms 
to feed on, they were preferved alive thereby. 

But it was by no means enough tt» convince 
mc, that this food was proper for fpiderSj to find 
them live feveral months without any other 5 an 
experiment, I had formerly made, rendered this 
very precarious, having kept a houfe fpider alive 
above 3 months, without any food at all *Tk' 
known befides, that the young fpiders, hatched 
in September^ lived 8 or 9 months without cat" 
ing. 

But as I had inclofed my fpiders in boxes, co- 
vered with glafs, 1 could eafily obferve whether 
they meddled with the fotxi that was given them, 
and accordingly have frequently feen them attack 
pieces of worms, which would ftir, notwithfland- 
ing their feparation from the reft of the body, 
after the like manner as we find them attack in> 
fe<5tsj which have fome ftrength (till left, after 
being taken prifoners in their net*, the various 
motions of the pieces of worms having fcrved to 
ftir up thefc infers of prey. It muft be added, 
that they maintained their bulk and vivacity, 
which thofe I had left without food did not 1 
and what is ftill more decifive, feveral of them 
made balls or cods, and laid eggs therein. 

I afterwards tried other kinds of foods, to fee 
whether they might not be equally proper for 
them ; for how commodious foever worms might 
be, fteflv would have been ftill more fo : but I 
found, that they did not afFeft it, and that if it 
fell in their W ly, they rarely faftencd on it. The 

reafoQ 
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Ireftibn may be, that the fierce and rapacious d'lf- 
pofitioQ of the fpider, muft be urged and excited 
by living animals. 

Yet 1 bethought myfelf of another food, which 
might make up this defeft, by the eJcquifitenefs 
of in raftc, the young fpiders, which have juft 
left their cods, preferring it to all others j but 
what determined me to ufe it, was the rcfemblancc 
it bore to the tender flefh of in feds, which the 
fpiders delight in, I mean the fubftance, which 
fills the feathers of young birds, before they be 
arrived at their full growth. 'Tis known, that 
upon plucking fuch feathers, they are bloody at 
the end, and that their quil! or barrel is fofc i ib 
that either Squeezing, or cutting it up, we find it 
rcpleat with a foft fubftance, interfperfed with 
numerous veflTcls, which difcharge blood upon 
cutting them j having plucked fuch feathers from 
young pidgeons, and even old ones, Which had 
fometitne ago been ftripped of the large feathers 
of their tail and wings, I divided them into little 
pieces, a line, or | a line long, and thus threw 
ihem to the fpiders, who feemed well pleafed 
thcreitith, and efoecially the young ones ; fo that 
I could fee 5 or 6 clufters of them about a fingle 
pieces each of them fucking at the fide it was 
cut on. 

Thus far things fuccceded to my wilh, proper 
foods being found our, which alone feemed want- 
ing', and *tislikely other equally commodious onea 
might be difcovered, even among the infect- 
kind, tho' what we have already propoftd is 
eafier to come at than the leaves of mulberries, 
wherewith filk worms are fed. It may be had 
without any trouble in all countries, and without 
running any danger from fliarp winters, The 
pcuUercra will furnifh young feathers enough, or 

thty 
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rhey may be had by breeding up chickens, or 
pidgeoQs^ and pulling off their feathers from time 
ro tirne, which will not hinder their laying eggs, 
and bringing young ones, as I have found by 
experience j, but it will appear from what follows^ 
that a large dedu<Stion is to be made» when we 
come to raife fpiders enough to furnifli a Elk ma- 
Bufadure. 

As foon as the young fpiders quit the fxlken 
ball they were inclofed in, they appear perfe(^y 
at peace, and work in concert upon the fame web, 
fome of them fpreading new threads over thofc 
already drawn by others; but fuch unioa does 
not hold long. I had diftributcd 4. or 5 thoU' 
fand fpidersj jufl: frefti from tlieir balls, into feve- 
ral boxes, putting 2 or 3 hundred it^ fame, and 
Qne hundred, or fifty, even lefs in others. The 
boxes were about the length and breadth of a card, 
and were as high, and as wide, which was room 
enough for fuch little animals. Finding them ga- 
ther upon the glafs, which covered the boxes, 
I made an aperture in each about a line below 
the glafs, and thruft a card through tlic fame, 
which refted on the width of the box, and flopped 
the aperture clofe enough to prevent liic fpiders 
eicaping. On this card, I Uid fuch food, as I 
had found fuitable for them, difpofing it fo near 
the glafs, or upper furface of the box, that the 
fpiders might have their food at hand i and to 
make thofe at the bottom, or on ihc fides of 
the box, go in queft of it, I had taken care to 
punch ftore of holes in the card; by this means a 
great number of fpiders might be fed in a very 
little time -, for the firft days one might fee them 
fall on their food with cagernefs, fevetal of them 
faftening upon the fame bit of feather. 

But 
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Jat their natural fiercefiefs loon declared itfelf \ 
the biggeft and ftrongeft took a liking to catlhc 
fmallcr and weaker fort. In effcft, every time I 
viewed them, 1 could fee fome little one, which 
had hWtn a prey to another fomewhat bigger 1 
fti that in a Jhort time there was fcarce one or two 
left in a box. 

I knew that the large fpiders fometimes fight 
together, when they chance to meet, but was of 
opinion that they would grow more fociable by 
being bred together, -as we find the chickens and 
farfcies^ raifed in the fame yard, live amicably 
enough, tho* they always make war upon new 
comers* But the truth is» thefe young fpiders 
devour each other much more than the big ones : 
whether it be that thcfe laft ftand lefs in need of 
food, or that bein^ heavier, and more bulky, 
they do not care to Sir. 

This inclination of the fpiders to eat one ano- 
cher, 'is, in fome meafure, the caufe that their 
liurriber ii to fmall^ confiderirg the prodigious 
quantity of egg;^ they Jay. 'Tis true, there are 
fcveral forts of infeifls that prey upon them. 
Pliny mentions fome fpecies of hornets and li- 
zards, which make them their ordinary food. 
I have feen the little brown wall lizard catch 
them, with infinite addrefs ; but notwithftanding 
all this, we fhould find them incomparably more 
numerous were it not for their eating one another. 

No other way therefore feems left for bringing 
op fpiders, but to lodge them feparately. One 
may provide, for inftance, boxes, which are 
fuboivided into feveral little apartments, forming 
h many diftin<5t cells, which 1 have praftifed ac- 
cordingly ; but to give each fpider its food a- 
part, would occafion an expenee very difpropor- 
rionate to the proEt accruing from them. This, 

however. 



4^ 7)&^HisT0RV andMEMoiKs of the 

however, might be bore withal, were not the 
lilk of worms to be had on better terms, 

I am fcnfibJe, that ways might be found of 
abridging this trouble of giving them food, and 
even have contrived fome myfelf, which I do not 
think neceffary to defcribe here i but do what 
you will, 'tis ftill to be feared, that much more 
time will be employed therein than is neceflary 
to give filk- worms their food. 

The diftribudng the fpiders into feparate cells, 
does likewife draw on a new difficulty, which 
greatly Icfiens the advantage they have over iiik. 
worms in point of fecundity s for the benefit of 
this cannot be had without keeping a large num- 
ber of eggs, which have been fccundified by co- 
pulation, nor is this pra^fticable without putting 
fpiders together, I am fenlible there is a time 
when a milder fermentation of juices diveftsthefc 
animals of their natural fiercenefs, and that they 
may then be put together without danger ; but 
how Ihall we know this precile time, which 
withal is to be a little before that when they are 
difpofcd to lay eggs ? It would be cafy finding, 
whether they lay all their eggs nearly on the 
fame days of the year \ but there are feveral 
months difference between the times when fome 
lay from that of others. 

The fecundity of fpiders is prodigious, as is 
fully fet forth by M. i9(?» i but, after all, the like 
may be iaid of filk-worms, even tho' we fliould 
only fuppofe them to lay about a hundred eggs, 
whereof hardly 40 afford worms that make their 
balls \ whereas fpiders lay 6 or 7 hundred, and 
yet all the filk-worms I have brought up on thia 
occafion, yielded at leaft 3 or 4 hundred eggs a- 
piece. *Tis obvious therefore that the number of 
lilk- worms might be multiplied, as much as we 
* "-' ~ ' picaicdf 
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^leafed, did [hit onJy depend on the quantity of 
iheir eggs, as abundantly appears from the kfge 
i^ockot iilk [hey now produce in Europi^ where 
anciently ihi^re were no worms at a!I} it would be 
eafy therefore in courfc ot time to have a quan- 
tity of filk-worms, as much furpaHing thofe we 
now have, as thele rurpafs that litrle number firft 
brought irorn th'i eaft i bat what hinders us from 
incredfing our flock is the trouble of lodging, 
feeding, and attending them j for it the quantity 
of fiJk was mcreafed, its price would be dimi- 
uifhcdi and, in that cafe, would not pay the 
charges of raifjng the v/orms. Silk- worms there- 
fore feem clearly to have the advantage over 
Ipiders, as to tlic facility of raifing them ; fo that 
we are to have no great expectations from the 
new filk, unlefs it have fome other advantage 
over the old, either in refped of beauty, llrcngth| 
or the quantity it yields, which priiikcs our feconU 
article of inquiry. 

As all the forts of fpiders do not afford a filR 
capable of being manuTa«5i:ured, and as thole which 
do furnifh fuch filk, only fpin it to form balls* 
or cods, wherem to lay the eggs j for as to the 
webs they make to' catch infedESj they are ufually 
too fine for any purpofes of ours, it Teems pecef- 
fary to give a general idea of fever al fpecies of 
fptdefs, to which all the reft are reducible, and of 
the different manner wherein their feveral batts. 
are formed, in order to fhew which of them af- 
ford filk to the beft advantage in thefe countries. 

M. Bon^ who has likewite confidered fpiders, 
with fegard to their filk^ reduces them to two 
princijial kinds, viz. the long-legged fpiders and 
the (hortdeggcrd ones, which laft, he informs us, 
alone furnriilicid the new filk j but this divifion, 
L which would have great advantages, oil accoiiht 
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cf its fimplicity, fcarce feems fufficient to diflin- 
guifli the filk Tpiders from others : for how fliali 
wektiow precilely which to call (horc-leggcd fpi- 
ders, and lA'hich long-legged ones ? There are 
fpiders, whofc kgs are of a middle fize, between 
the longeft and fhorteft, and on the which Of the 
two kinds are thefe to be ranged ? On the foot- 
ing of the former divlfion, it wou^d be dilRcuIC 
to decide whether they yield a fijk or not-, but 
this is not the woift, for the divifion would be 
apt to lead people into uftlefs pains, the generality 
of fptdefs, which, according to this, fboukl pro- 
mife mofl Glk, yielding none at all. Such are 
the leveral kinds of wandering fpideis, and the large 
brown fpiders inhabictng the holes of old walls, 
whofe ?egs are fhorter than molt of thofe which 
yield fitk, though ihey yield none themfelves. 

I rather choofe to range all fpiders under tw6 
ckl!es ; the firft including the feveral fpecieis, 
comprized by M* Hombng^ Under the general 
name of wandering Ipidcrs^ being fuch as do not 
lay nets for catch itjg of infers, but roam abroad 
in qucft of them. Tliefe fpiders fpiti but little, 
and this only to make a cod, or cover, for their 
eggs, which foiiie of them make hemifphericaJ, 
and leave it hung upon ftones, or hid under 
ground^ or even upon trees, or among hcfbs ; 
others give it the figure of a ball, and afe 
too fond ever to ftir from it, but carry it 
about with them, always banging to the fapilU 
about their anus, in fuch manner that the ball 
only fecms to make one body with the fpider ; 
which, upon this occafion, appears a little big- 
ger than it ihould do. Catching one of them, and 
taking m ball away, you will fee the fpidtr rt- 
- fume it, as foon as fet at liberty, with great eager- 
tvd$i taking it in its feet, and clapping it firll 

Under 
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jjnder lis belly, and here letting us into the arti- 
fice it ulcs in its ordinary carriage* for bending its 
hind pare till it reach the little bait, and then rub- 
bing the fatne ball very fwiftly with the papilU^ 
a vifcid liquor is prcft out of the fanne, and 
Cleared over part of the ball, which by thij 
means h fluck faft to the papilla. The parts thus 
rubbed are eaHIy dillin§uiJhed, as being whiter, 
and clofer than the reft ; nor does the animal's 
tendernefs end Jiere, bitt when its young ones are 
hatched, it bears them on its back,wherethe young 
Ipjders IlkewiTe difcover a notable dexterity in 
thtrir arrangement about their mother's body, be- 
ing fuch, that there is no perceiving them when 
fhe walks, only her body, upon this occafion, 
appears fomewhat rougher than ufuaL 

The texture of the balls of this kind of fpiders, 
is very clofe, and ufually white or greyith j but, 
belide that it onJy yields very little fiik, wha| 
it does yield, fs not fit for manufadturing. 

The fecond chls includes all the fpiders, which 
lay necs for catching infects. Thffe I divide 
into four principal kinds, each whereof might be 
fubdivided into feveral fpecies, if an cxa6l hiftory 
pf fpiders were intended ; the firft kind contains 
ail the fpiders which make webs of a clofc tex- 
ture, and ftretch them as parallelly to the horizon, 
as the weight of the web will admit. Such are 
the houfe fpiders, which lay their webs in tlie 
corners of rooms, and fome fpecies of garden fpi- 
ders, which make like webs, and placed after th^ 
Jike manner as tbofe of houfe fpiders. 

Thefe all of them inclofe their egg^ which 
ftick a little to one another, in a fort of web, not 
linlike either as to llrength or colour. The com- 
mon ones they lay for flies ; fo that we have but ltit|^ 
m expect fri^ni chcfc l9Wiirds a fiik pir.Mf.i(^ure, 
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The fecond kind includes the fpidcrs, which.^ 
inhabit rhe holts of old walls. Thefe line ih 
wall all around their hole with a web, and wtrhi ^ 
the^hoJe itfeif, make another web of a tubular 
jBgitre, by which they enter and cotne out of 
their hoks ; but neither is the ball, wherein ihel 
fpiders itTclole their eggs, any ftronger than their 
common wtb j fo that thefe two ure out of the 
queftion. 

In the third kind I rank all the fplders, who ft 
nets have no proper texture refemblingthatof a web^i 
but confift only of a number of threads ftretched 
every way. This kind might be fubdivicled int0 
3 great number of fpecics, which form their balls-^ 
in different manners ; fome mal« them fegmenta 
of a fphere,and f.ifben the flat iide to a leaf, and tb 
firmnefs wherewith they brood over them is invin- 
cible \ for notwithjlanding their natural fiercenefSi 
if the leaf be taken away this ball is fafliened on, 
the mother fpider will go with it, and never leave 
tr, unlels by force, till the young ones are hatched- 
Thefe b..]ls are very white, and of a dofe tex- 
ture 1 others make two or three little ruddy ball 
sind lay their eggs therein, hanging them up bjr 
threads in fome open pUce, but taking care tocovef 
them wkh dry leaves, to prevent palTengers from 
feeing them ; to this purpofe hanging their leaves 
upon thread at fome diftance from the ball 5 o- 
thers make their ball of a pear form, and hang it 
by a thread, like the pear fufpended by its pe- 
dicle, 

Thefe balls are all of a dofe texture, but their 
fi!k tco weak for working; perhaps, thoic iri 
the pear form might be of fome ufe j but they 

■iire fo fmall, and' confcquently contain fo little 

^filk, as fcarce to be worth minding. 

Uftly, 
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Laftly, the fourth ktnd Jnckidesthofe fpklere, 
which make webs confifting of feyera! threads, 
allplLiced in the fame plane, and proceeding froni 
the fame poin^ J ike fo many r^tdii of a circle, 
which terminate in its circumference. Acrofs all 
ihele threads, goes another thread, which wind- 
ing fpirally, is taftcned in divcrfe places upon 
each thereof. Thcfe webs are uilially perpendi- 
cular to the horizon. M. Homber^ calls this lore 
the garden fpider \ and accordingly we find it 
vzry common amon^ wood, bufllcs, i^c. Under 
It are included fevcril fpsctes of fpiders, difFerenr 
in fize, colour and Ihi^pc. 

Thefe fpiders lay their eggs one upon another, 
in fuch manner that the mafs they compofe, 
has the figure pf a flatted fphere, or ratiier an 
elliptic fpheroid. Some of them glue their egg3 
to one another, by a vifcous matter wherewith 
they are moiftened, when they come from the 
body ; but thofe of others are left loofe. The 
inmoft threads, which invefl ihefe eggs, arc 
wound clofer than the reO:, which are bur loolly 
twifted, much like the outward threads of the 
balls of filk worms. 

Moft of thefc fpecies of fpiders fpin a filk, 
which is fit for manufa6turing j tho* what fome 
of them may aHbrd is too weak to fuftain a com- 
mon loom. 

Spider filks may be had of more diverficy of 
colours than that of worms, which is always white 
or yellowifh \ whereas the fpiders balls, befides 
white and yellow, afford fky blue, brown, and 
a fine coffee colour. 

The fpiders, which yield the coffee-coloui-ed 
filk, are very fcarce, at Icaft I have met with 
none, but in a few broom fields, where I like- 
Vfife found fome of their balls, the fiik whereof 

is 
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is TcTf firaag and beautiful Tney are forn^d 
^fccr a diSercnc maoocr froin ail the fpider balla 
qbovc-mentiooed I the egg^ are inclofcd in a 
bn>wii &lk loofly wound over them as in other 
balls I but this brown (ilk is itlelf inclofed in ano 
ihcr baJl of grcyifh fiJk, whofe texture is very 
thick and dofe, and much like whacremiiins of a 
£tk worm b^Mf vhai pare of it has been wound 
off. 

The fpiders lay eggs, and ipin lilk to inclofe 
ihem in fcverai moDihs of die year, not only in 
jduguji and Scpttmhir, as M. Bm has obferved ; 
but Ibnr^e of them like wife in Mir.)\ anci others 
in the following nionths, thole which Jay fo early 
are fuch as have furvivcd the winter ; where.is 
thofe M- E6n fpeaks of, are only hatchtd in the 
fpring, and confequenlly lay their eggs mucl^ 
later than the former. 

Spiders, we have already rtiewn, fpjn twq 
kinds of threads i one fcrviog for a web where- 
with to catch infedsj and the other only as a 
cod, or ca!e, to keep thtir eggs in ; but it may 
be proper here to add, that the two threads only 
differ firom e:ich other by their greater or lefs 
ftrength: and to explain how the fpider is able to 
fpin a thread of this or that degree of ftrengih at 
pleafure, we fuppofe it already known, that 
near the &nus of the fpider aic li^venij papili^^ 
which do the office of a wier-drawer*s iron, and 
mould or fdfhioned the hquor, which pafling 
through them, ard afterwards drying, be- 
comes the filk. The fpiders, we have here to 
do withal, viz. thofe which afiford a filk proper 
for manufacturing, have 6 fuch papilU^ 4 of 
tbem very fenfibie, and two fcarce vifible with- 
^jDUCa magnifier, being placed near the bafes of the 
tjifo large papiiU nearelt the mus. Each of the 
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6 vifible ones is itfelf compofed of other leis and 
invifible ones, as may eafily be Ihewn, by fqueez- 
ing the belly of a fpider between two fingers, till 
the liquor in the papilU begin to iiTue forth, and 
then applying another finger upon one of them, 
for drawing it gently away again, fcveral threads 
wHl follow it, all of them f ifibly diftind trom 
each other, from their very rife, ami which of 
coniequence mull have paft thro* different holes, 
Thefe threads are too fine to be well told -, yet 
this I can affirm, that I have frequently leen a- 
bove 8 or JO fpring from a fingle papilla. In 
effeft, more or fewer of fuch threads are drawn 
from a papilla, according as the finger is preflcd 
ftronger, or upon a larger part of its end j whenta: 
it is eafy to conceive how the fpider makes ics 
thread finer or ftronger at difcreticn ; fince not 
only the applying more of the 6 vifible papilhe 
againft a folid body, but even applying them 
more forribly, or a larger part of each produces 
a thread, confifting of a greater number of other 
threads, and confcquently bigger and ftronger. 

There muft be about i8 times as many threads, 
fuch as they ilTue from the holes ot the p&pHltr^ 
to make one of the threads of a ball, as a thread 
of a Web- If the quantity of threads, which gp 
to the one and the other, be proportioiial to the 
ftrengih \ for a weight of 3 grains, hung to one of 
the threads of a web, ufually breaks ir, whereas 
40 grains will not break a thread of their ball. 

But if thcfe threads of the fpidcr's ball be 
flrronger than thoie of its web, they are weaker 
ihan thofe of the fdk-worm's ball, tho* in a lefs 
proportion. A thread wound from one of thefc 
laft: balls will ufually fuftain 2 drams and | ; and 
confequently a thread of a fpider's ball is, to that 
of a filk worm*s ball, about as i to 5, which 

leeois 
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feems to be another advaiirage of the ancient Cilk 
above the ticw. 

Indeed each tliread ofa (pjdci^? ball isilenderer 
than that ot a fi Ik- worm's ball, nearly in the 
iame proportion as it is weaker j but this hurdly 
makes up for the difidvanuge, fince the more 
threads, the more difliaiUy there is in joining 
ihem ; lo fdy nothing of the danger, that all the 
threads do not draw alike, and conlequcntly that 
iheiralTeniblage have not the luiii ot the ftrengths 
each thread v/GLtld have a pare. This multipli- 
city ot kffcr threads, which compofe each thrtad 
cl a fpider's filk, to make it as thick as that of 
a filk-worm, may hkewifc contribute to render 
fiich works as are made of this filk lels glojfTy 
than thofe of common filk; for what we call 
glofs or lull re in a ftuif, bting only the e£Fe<5t of 
its reflefling more coloured light of any kind 
than another ftuff of the fame colour, the more 
little interftices there is in a thread of filk, the Jels 
glofiy it muft appear, fmce it will refleCl: the Jels 
light. Now 'lis obvious, that the little interfttccs 
will be more numerous in a thread, thus compo- 
sed of feveral different onts, than in another 
thread oi the fame thick nefs, wherein there is no 
diftin<5tion j the parts of the vifcid liquor they 
are formed of, touching each other in. mote 
places than fcveral diUindt threads can ponibly do, 
Suppofing thcrefcrceach thread of fpidtr^s filk to 
be of itfelf eqii.diy glolfy with that of a filk worm» 
*(is certain, that when 5 fuch threads are com- 
bined togcither, to make another of that natural 
thicknefs, of a filk-worm's thread, this com- 
pound thread, and the work formed thereof, will 
^ i be lefs gloffy than thofe of the common filk- 
worm. 
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This would be true on a fuppofirion that earh 
ilmple fpider*s thread is naturatly as gloffy as a 
fimple filken ihread ; but this fuppolicion is^ per- 
haps, too favourable to the fpider's filk, for we 
find, that the more frizled a thread is, the 
kfs gloITy it is found : thus we fee, that 
wool, whofe fibres are naturally more curly 
than thofc of filk,, is lefs glofly withal. Now 
each hair or thread of fpider*3 filk is certainly 
more frizled^ than a hair of the worm's fitk, 
and confequently mufl: have lefs luftre. The rea- 
son of this diverfity is evidently owing to the 
manner of winding, or reeling the two; for in 
winding a thread loofely, the fprings of alJ its 
little parts are left at liberty to aft with all their 
ftrength j and thus to bend or curl it this way 
and that according to their fevcral direfHons; 
■whereas, in winding a thread after a clofer nian- 
ner, the aft ion of the fpring of the component 
jparfs is prevented, and even weakened by the 
violence of the new fituation. This will be more 
readily allowed if we can confider, that the firft 
threads of a filk-worm's ball, which themfelves are 
twifted in, in a loofer manner round the reft, are 
much lefs beautiful and glofly than thofe which 
form the body of the ball, which are wound very 
clofely. 

This fame loofe manner wherein the fpider's 
threads are wound, contributes on another 
account to diminilh the luftre of the lilk they 
furnifti, viz. by preventing their being wound^ 
or reeled, as thofe of filk- worms are ; and obliging 
the balls to be carded before they be fpun : hence 
it is obvious, that the large threads of filk when 
they come from the fpinner, muft confjft of 
an infinite number of fliort hairs, and confe- 
qi^ntly cannot appear with the beauty, evennels^ 
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and luftre of another thread of the fame thicfc- 
m% Gompofed only of hairs, equal in length to 
itftif, by reafon all the ends of fuch fhort harrd 
muft needs produce little inequalities in the com* 
piifs of [he thread, which will weaken its luftre. 
If any proof of this were needed^ it Were eafy to 
obferve, that the filk even of the filk-worm balls, 
when carded, is much inferior to that reeled di- 
reftly from the pods. 

Suppofing tbut only two of the papilU hsbl 

fiirnifhed threads to make a fpidei's web, and that 

each of thofe papilla; which ufually furnifh 

thretids compounded of feveral others, had only 

furnilhed a fimple one, the threads of the web 

•being i8 times weaker than thofe of the ball j this 

Jaft thread, which we have already obferved is 5 

ftimes fmaller than that of a filk- worm, muft con- 

■fiftofgd hairs or threads atkaft; tiiis rcfleftion 

imay, perhaps, affift the imagination to conceive 

•the prodigious divifibility of mattery for, how 

minute muft a thread be vjfible, notwithftanding, 

to the eye, which is no bigger than the hundred 

and eightieth part of a fingle hair of fijk, which 

iiairitfelf is only a two hundredth part of a thread 

cf the fineft fewingfilk? For I have frequently 

fhvided fuch threads into two hundred kfier ones, 

fo that a thread of fpider^'s filk of the thicknefs of 

common fewing fdk, muft really confift of 36000 

threads, and may be aftually divided into looo. 

A thread of fpider*s filk, compofed of thefe 
^6000 fimplc threads, may, perhaps, be fome- 
what bigger than a thread of common filk, com- 
pofed of 200 fimple threads, tho* the fum of the 
bulks of the 36000 threads, and the 200 be the 
fame, by reafon it would be difficult, or perhaps 
impoITible, to arrange fuch a number of threads 
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tween them, by which the bulk muft be in- 
qreaied ; it ia for this reafon that the ipider's filk. 
has been thought to yield more jn the working, 
than the common fort ; but if it had been confidcr- 
ed, that in return for this, it muft be weaker in the 
ikme proporclon, inltead of confideFiDg it as an 
advantage, people would rather have looked on tt 
as a de^e^, fmce a. large body of thb filk willr 
only have the ilrength of a lels body of tliq 
other. 

We are now come to the laft point, viz^ to, 
Qonijder what relation the quantity of filk each, 
l^ider will fui;nirti yearly, bears to that procured, 
^©m a fiJk worm. By carefully weighixig feverajt 
filk- worm biiUs, I find, thai tlje larger klndL 
weigh 4 grains, and the lefler 3^ fo that fuppoGne 
16 ounces to the ppund, at leaft 2304, wo^tns wil^ 
Ije required to produce a pound qf (ilk. A perfori 
cloathgd in filk iitde imagines, that feveral thour 
^d. worma have wrought ^l their Ufe-tirae E9. 
furni/h the matter thereof, 

I have weighed with equ^l care, a great notiv 
berof fpider balls, and have always found, that 
about 4 of the larger fort go to balance one filk? 
worm, ball, and that they weigh about a grain a* 
pie;ce ; fo that 4 of the largell ipiders would be 
cequii;ed to yield as much filk as a iiugle worni 
^l^rds, fuppofing there were no more waRe ii| 
Qflc kin4 of filk than the other \ but in reality the 
ijpider balls are liable to a confiderable diminu-s 
titMi, from which thofe of the filk- worms are ex- 
eflr^pted. This diminution arifes hence, tint the 
ipidef balls when weighed, are full of the fliells of 
eggs, from wiiich the young ones have b?en 
hatched, together with other kinds of filthy fq 
that calculating the diminution of thefa halis, wa 
gjyft dcduft above two thirds from th^jr 
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fince from 13 ounces of foul fpidcr fiik, M. 5<?af 
only procured 4 ounces of pure filk ; whereas 
filk-worm balls undergo no diminution, or at lealk 1 
lb little, that it is compenfated by only puttiDg 
that of Ipider filk at two thirds of the whole. > ''Pt 
Ic has been already noted, that a fpider ball be- 
fore it be cleanfed, is to the weight of a filk-worm 
ball, as I to 4*, and therereforc when cleanfed^M 
irs weight will be to that of the other, as i to 12 j 
J 2 therefore, of the largeft fpiders will only fur-' 
nifli as much fdk as one worm -, but each worm 
makes it ball, as being neceffary for the metamor-w 
phofis it has to undergo; whereas ic is otherwile 
with fpidersi for their balls being only made tO' 
lay their eggs in. If with the whole current of 
natural ifts before M. Bm, we iuppofe their ypf- 
cies to confift of males and females, and not as he 
docs, take them for hermophradites, only the fe- 
male fpiders mull make balls ; whence it follows, 
that fuppofing the number of males and females 
nearly equal, 24 of the largeft fpiders will only 
afford as much filk as one worm. 

No lels than 55296 of the largeft fpiders there- 
fore will be neceffary to make a pound of filk, 
which fpiders rauft have been fed fcparatcly fo 
•feveral pionths. In this view, their filk which 
fcems to coft us much more than it is worth, being 
|-at leaft 24 cirnes as expenfive as that procured 
, from worms ; and this fuppofing it were not ne- 
ceflary to keep the fpiders a-part i but that each 
fpider would only take up the room of a worm, 
which however is a falfe fuppofition, for there 
muft room enough be allowed each to make its 
web; if one were to purfue the calculus, there- 
lore, of what this filk would coft, fuppofing the 
f nimak fed feparately, ^nd a competent apartment 
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allowed each, it would evidently appear, that the 
ipidei*i filki would coit incomparably more tbaa 
that of the Gik-worm. 

Let it be added, that what has been hitherto 
faid, only holds of the largefl fpiders ; for if the 
cftimate were made in the eommon garden fpi- 
ders of this country, twelve of ihem would hardly 
be found to yield as much filk as one of the bails 
above- nientioned ; 280 of them would only afford 
the quantity of filk contained in one ball of a filk 
worm, and confequently 662,552 fpiders hardly- 
one pound of filk. ; 

'Twiil be thought pity, that fuch little hope 
ihould be left of benefitting by fo ingenious a 
difcoveryi but there is Ibme profpedl of refourcc; 
fpiders may poffibiy be found* which fliall af- 
ford more filk, than thofe commonly fcen in this 
country. ^Tis confirmed to us* by the accounts 
of all travellers, that thofe of America are much 
larger than ours? whence it Ihould like wife fol- 
low, that their webs and balls are proportionably 
larger. The Qlk- worms, which the natives of 
far diftant countries have multiplied fo much in 
Eurapsy may give us hopes, that t he jimertcan 
fpiders may like wife be propagated here, at leaft 
'tis worth making the experiment, vyhich alone 
ihould decide in a thing of this nature ; for my 
own part, notliing that any where relates to the 
prefent fubjeft fhall be omitted by me \ tho* if 
any thing ufeful be ftruck out, the chief glory 
ydil be M. Bon'% due. 
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JCIV. Experiments &n the effeB of the wind 
'With regard to the thermometer^ iy M, 
Caflini i be Jon *. 

Among ftveral phyfica! obfervations, that M- 
^Abbi Teiniuriery the arch-deacon of Verdun, has 
fent me fince his return fi-om Paris ; he has obfer- 
red that when we raife a wind with bellows againft 
a thermometer, the liquor that is inclofed there 
in increales its height; which feems contrary 
to the impreffion, that the wind makes upon us, 
which 13 a fenfation of cold. 

To examine, if it had the farnc eflfe^ft upon our 
tliermometers, I applied a pair of common bcl- 
Jows to a thermometer fhut up in a chamber, 
which in the caves of the obfervatory, flands at 
the height of 50 degrees, and was then at 52 
. degrees 1 that is, two degrees above temperate ; 
and after having blowed for 7 or 8 minutes a- 
gainft the ball, the thermometer rofe i degree. 

iTepeated the lame experiment fome days alter, 
^ thermometer was at 46 degrees^ and it rofb 
Jllfi!) a degree in the fame time. 

i made ufe of one of M. Am&nuns thermome- 
ters, which I had applied to the fire-piacc of 4 
fbrge, where there had not been any fire foe 
many years. This thermometer rofe almoft ^ 
line in the fpace of 6 minutes that I blowed at 
^iflft IP, 

I at laft put the fame thermometer to the fire- 
place of the forge, where I left it for three hour? 
or thereabouts. I afterwards took it away to fee 
at what height it was, which I marked ^Z inches, 
i lines f . I blowed againft it for 5 minutes, ancj 
lak-iflg it away, I found it at the height of 53 in- 
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fcties, 4 lines , ; that is, i line f higher. I pdc 
it in its place again dire^ly, and after haviog 
blowed for 5 minutes, I found it at 53 inches, 
5 lines -^, Having in the laft place blowed for 
5 minutes more, k rofe to the height of 53 in- 
ches, 5 lines ^ s fo that in the fpace of ~ of an 
hour, the thermotneter rofe above 3 lines. 

We may offer for a reafon of this experiment^ 
that all motion produces heat, and that thus the 
air being excited with violence, acquires fome 
degree of heat ; fo in effedl, it feems to caufe in 
us a fenfation of cold, becaufe the particles of air 
being driven with violence, apply themfelvei 
with more force, and in a greater quantity agatnft 
our bodies, which are warmer than the air that 
we breathe* 

XV* Experme?ifs m the thermometer^ ^ 
M. de la Hire the fin*. 

My father had formerly obfervcd, that having 
covered with liiow the bail of a fpirit of wine 
thermometer expofed to the air, but not to the 
wind, the fpirit of wine did not alter its heighc 
in the tube, and that afterwards having blown 
with a pair of bellows ftrongly againft this fnow, 
the fpirit of wine had remained at the fame height i 
from which it feems, that we might conclude that 
the temperature of the air, which aits upon the 
fpirit of wine, could not caufe any alteration there- 
in, being ftrongly driven againft it *, neVerthe- 
ieis it has appeared quite the contrary, by an ex- 
periment related to the academy, by M. Ct^ini 
the fon. It is to endeavour to difcover the reafon 
of this contrary efFcd, that we have again made 
the experiment that he has related, but in diffc- 
• Dec. 17, 1710. 
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rent circumffcances, and upon 4 thermornetef 5 ; 
3 of which were fpirit of wine, and the 4th an 
air, one of M. Jmonton *s. 

Ncv. 27, 1710, about ti in the morning, we 
blowed with a pair of bellows ftrongly againft 
the ball of a fpirit of wine thermometer, expofed 
for a great many years in the cafl tower of the 
,obferVatory, which is uncovered in fuch a man- 
ner, that it is fheltered from the wind, and the 
ipirit of wine, that was at 35 parts in the tube, 
which marks an air a little warmer than the be- 
ginning of froft) having obierved, that when it 
is at 32, it begins to freeze in the country, did 
did not rife fenfibly in the tube; we had taken 
the precautioti before we ufcd the bellows to put 
them for 2 hours in the (lime place where the ther- 
mometer was, for fear that if the whole bellows 
werea little warmer than the air which enters in, rt 
might grow warm in them, and afterwards meet- 
ing the ball of the thermometer might heat it, and 
JDake the liquor rife j and on the contrary, if the 
fcdiows had been in a place where the air was colder 
than that where the thermometer was, it might 
make it fall, as we obferved In blowing with 
the fame bellows ; and pretty foon after the above 
experiment, againft the bill of another thermo- 
meter, which was in my father's clofet, where the 
air was much warmer than the outward air, where 
thefe bellows had been expofed -, for the liquor 
■prelently funk about | a line, and afterwards role 
again almoft to the lame height, aliha' wc con- 
tinued blowing. 

"We have alfo made another experiment wpoti 
an air thermometer, which was one of thole that 
M. AntQntons fit ft made for the experiment of the 
heat of boiling water. The baH, which is %t cho 
bottom of the little bent tube, is very big, and 
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has in I'ts lower part quick filver eriough to furniih 
the dilatation of the air ot the ball, wlitch makes 
it rife into the tube that is open at the top, and is 
about 4 feet high, fo that die air does not enter ac 
all into the tube. 

Nmj. 27, 1710, at 4 in the afternoon, the 
thermometer and the bellows having been in the 
fame place above 5 hours, and having marked 
exaftly the height of the quickfilver in the little 
tube, we blowed for 3' againft the ball filled with 
atfj which was corn prefied by 25 inches of quick- 
(IJvcr^ and we did not ohferve any alteration of 
height in the quJckfiiver that was In the tubs. 

The next day, at 10 in the morning, we' re- 
peated the firft experiment upon the thermcme- , 
ter, which is in the eaft: tower, and the fpirit of 
wine did not rile ftnfibly ; there was another fpi- 
rit of wine thermometer near thar, the ball of 
which wai much fmaller, and the tube very thin, 
which we took away and put in a clofe place juft 
by, where there was a pair of double bellows ; 
and after having left it there 3 or 4 hours, we 
blowed againft this fccond thermometer for 7', 
with the double bellows, and the fpint of wine 
rofc 3 lines in the tube. 

We afterwards rook M. Amonton^s air thermo- 
meter, which had been a great while in this place, 
and blowed againft the ball, with the double' bel- 
lows for 7' and the qulckfitver aUo rofe 3 lines ; 
indeed there were 3 or 4 of us a little diifant from 
the thermometer, during the experiment. 

Wc were afraid, that the number of perfons 
that there were had c*ifed this cfte6t •, tor this 
reafon we left the thermometers near one another 
for 2 or 3 hours, and afterwards with a common 
pair of bellows, we blowed for 3' againft each of 

Vol. IV. N^ 36, K the 
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the balls of both thefe thermometers, the fpirit of 
wine and the quickfilver which were fallen again 
to the heights that they were before the preceding 
experiment, both rofe again about a Jine, but that 
of the fpirit of wine rather lefs than the other. 

We were afraid it was bccaufe we had begun 
with that of fpirit of wine, and that the bellows 
were heated in our hands ; for this reafon, we 
left them in the fame pofidoo, and the bellows 
near them, and at 6 at night we blowed again 
for 3' againft both the balls, . beginning with the 
fpirit of wine thermometer, which rote a little % 
but the air one did not rife at all. 

We afterwards blowed with the fame bellows 
againft the ball of a fpirit of wine thermometer of 
M. Amontotis., which is placed in mjf father's 
clofet, where the air was warmer than that where 
the bellows were, and the fpirit of wine rofc in 
the tube f of a line, and did not fall at firft, as 
it had done the day before. 

The 4th, at 7 in the morning, the air therr 
mometer and the great fpirit of wine thermome^ 
ter, and the bellows having been all night in the 
call tower, we blowed for 4' agiinft the ball of 
the air one, and it did not lifc at allj wc 
then blowed againft the ball of that of fpirit of 
,wine, and it rofb about a line. Afterwards wc 
-blowed for above 4' againft the ball of another 
fpirit of wine thermometer, which is fmaller, 
(that we had Ith near the windows of a place juft 
by, which is cJofe and txpofed to the ibuth, the 
iioles of the bellows being turned againft the 
windows, the liquor hanlly rofe at all ; but by 
continuing to Wow, with the holes of the bellows 
turned the other way, it rofe more. /, 

-, At 2 in the afternoon, the fame thermometer 
JjAving remained in the fame p_lace,.and received 

the 
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the Impreflion of rhe fan for 5 hours and f, and 
<he bdJows being laid in the place upon a leat 
about 6 feet from the thermometer, the fun hav- 
ing alfa Ihined upon them, we blowed againft 
the ball of this tKermomerer, the liquor fell nnore 
than 6 lines, the holes of the belJows not being 
turned againft the windows, but upon turning them 
againft the windows, and continuing to blow, tht 
fpirit of wine felt again confiderabiyy the* the wea- 
ther was very hor, the fky having been very clear all 
the day^ and the fun ihinJng there during the expe- 
riment. 

The 5th, in the morning, we carried the air 
thermometer and the iitttc fpirit of wine one inld 
the cave of the obfervacory, and aftpl having left 
them there aimoft i- of an hour, and the bellowk 
aJfo, and having opened and fhut them for fome 
lime, that they might take in the fame warmth 
as that of the air of the cave, we bJowed for 5' 
Againft the ball of the air thermometer, and the 
quickfilver rofe abont ^ lines : but as both the 
thermometers were a foot diftant from one ano- 
fher^ and as before, we blowed ag.tinft th^c of 
-air* we had aifo oblcrved the height of th.vt df 
fpirit of wine, we perceived that the fpirit of wrne 
thermometer was a Ho rifen i line, ah ho' it had 
not been at all b lowed againft ; we afterwards 
blowed for the fame time againft that of fpirit of 
wine, and it alio rofe about 3 lines, during which 
time the-dir thermometer did not rife at all. 

We had taken the precaution to carry them 
into the cavt^ fearirig leaft the light dilTufed ih 
the air in the day^ might mike fome impreffion 
upon it, which had feme reUtion to what h^ip- 
pened to the Boienian (tone a;id OTh^r pht}fph>>rus. 
Afterwards we applied a piece of clorh two or 
three times double againft the bail uf the air ihei- 

K 2 moineter 
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mometer, and blowing vialcntly againft it, it 
role onJy one Jine, and during this time the fpirit 
of wine thermometer, which remained ac the fame 
place, rofe 4 a line j we afterwards applied the 
cloth againft the fpirit of wine thermometer, and 
having blowed againft it for the fame time, it 
rofe a] fo -I aline: but the air thermometer did 
not rife at all during this time, any more than in 
the preceding experiment, 

Altho' in general, the experiments which wc 
have juft related, feem to deftroy the old one, 
that my father had made, they never [helefs fur- 
nifti a means of giving the reafon of explaining 
the difference found between them. 

For the fnow, which was upon the ball of the 
thermometer, and ihfo' which the air being driven 
by the bellows paflcd, was cold enough to chill 
the particles of air, a little lefscold than the fnow, 
which were applied in a large quantity, and in a 
little time, by the means of the bellows againft 
the ball of the thermometer, and had made the 
liquor rife. One can hardly doubt, but that this 
is the true reafon of this Jail est peri mem, and k 
feems, by the means of it, we may give the rea- 
fon for all the difierfnces that we have obfervcd in 
thofe that we have made. ■ But before wc abfo- 
lutcly decide, we believe it is nccefl'ary to wait, 
till we have made the two following experiments: 
the firft would be to blow againlt the ball of a 
thermometer, during a very great cold j and the 
fecond, during a very great heat, that we might 
fee, if what Ihould happen in the extreme, was 
conformable to that which happened in and about 
the mean ftate. 

The 1 6th, at 8 in the morning, a fpirit of 
wine thermometer, and lome water in a velTel, 
being put alJ night in chelanie pUct:, we put this 
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thermometer into ihe water» and after having left 
them there a good while, we did noc at all ob- 
ferve that the fpiric of wine had changed its 
height iti the tube \ we afterwards drew the ther- 
mometer out of the watctj we wetted a doth ia 
ihis water i we applied ictwo or three times double 
upon the ball ot this thermometcjr, and we blowed 
ftrongly with a common pair of bellows againft 
the linnen for 4 or 5', without the fpiric of wine 
changing its height. 

Having left the thermometer in this ftate for 
all hour, wc had a mind to repeat the experi- 
ment. We took away the linnen from the ball 
of the thermometer to make the fpirit of wine 
take the fame degree of heat, as the air of the 
place where it was j and in waiting till it had 
taken it, we had a mind to iee, if, by agitating 
k in the air* there would not happen t!>e fame 
thing, to it as by blowing upon it, which fuc- 
€eecied J for Juving fliaken it ftrongly in the 
air for 8', the fpirit of wine rofe 2 lines in the 
tube i afterwards having let it reft fome time, it 
did not change the height at all. We afterwards 
put it for 8' into the fime water where it had been 
at firft, and the liquor fell about a line, but this 
was only during the 4 latt minutes j we drew it 
out of the water and having applied the wet cloth 
to it, we blowed llrongly for 8' againft the cloth, 
and the fpirit of wine rofe again to the fame 
height that it was at before it had been plunged 
in the water. 

The 1 7i:h, at 9 in the morning, the fame fpir t 
of wine thermometer having femained ail night 
in the eaft tov»er oi the obicrvatory, and fcvcral 
pieces of marble which we had put therCj we 
applied them to the ball of this thermometer, 
and in iialf an hour the fpirit of wine funk in the 

tube 
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tube above a line, and afterwards continuing to 
examine it, we perceived that it was a little riien. 
During this experiment, the great fpirit of wine 
thcrDiometer, which is always in this tower, was 
rifen about 2 lines 4. This experiment would 
leem to prove, that the marble cooled more than 
the fpirit of wine. 

*XVI. Obfervathns on the Uttle eggs of hens 
•^'ithQut yolk^ vulgarly called cock's-eggs^ ^ 
M. Lapeyronie, of the academy p/'Mont- 
pelier 1 tranjlated by Mr. Chambers, 

The prejudices of birth and education fre^ 
quently feed people up in errors, even upon mat- 
ters of jfeft, which it is ro Icfs incumbent oh 
academies to difabufe them of, than to tell them 
new truths. 

'Tis a common opinion, even among perfons 
oFfenfe, that cocks lay eggs, and that thefe eggs 
being hatched in a dunghill, produce ferpents 
with wings, called bafdifks *; and what is more, 
they hold, that the very looks of thefe bazi- 
liflcs fir ike people dead ', yet the whole fable has 

no 

• Siort ftiam quadam ws majsrs, alia minera^ alia Htam 
minima fine ivu/go in Italia Cendnins. dicuntur iS muUertt 
m^rs badie [ui olifn) a Gaih idiia t? iaJiUfcus preduSa- 
ra fabulantur. Fulgus {tttqttit Fal>tiiitij) putat exiguum hue 
evum ejft tiitimum Gal/i/tarttrn, cum jttm eerriurit tma gal Una 
pepertrit (unde Centininum iiecant) qtadfinf t'iteila eji : ha- 
kel tamtn cietera, ut cbalaxaSf albumtttf mtmbr&nast £^ 
torticetitf 'vtrifimili imm eJi turn ginasri, cam tntdli 4miut 
Jam in ova migranmt, aeque awpfiui . w 'vittllario alt^nii Ju-, 
ptrefl 'vi/f/im, qui in o^'sm fvadti t pejfit : ex elifie ieaum 
pMriei albitmin s adhuc modi turn fuprrtji : ex hoc tvim medico 
ertdiifi* efl tfvulitm pmpsfiiuifi ettan. Harvaeos in traAatii 
generacionis animaliuni, txercita^iooe xU* tie ovorum diB«- 
lencih. 
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"jio other ground than an aTicient tnidition, whofe 
faifity will be dcmonftrated by the tbi lowing fafts. 

A farmer brought me leveral eggs, one of 
them bigger than a pjdgeon's egg *]■, afluring me 
they liad be^n Liin by a young cock, which was 
the only one in his yard, where however there 
were feveral hens ; of this, he made (6 little 
queltion, that he pofitively engaged, that in cafe 
I would ha'ch any one of ihdc eggs, a feipenf 
Ihouldarife from it ; ar,d co convince me of this, 
he told me, I need only open on& of them, 
which I Hiiodd find without any yolk, and that 
in the room of yolk, there would be the vifiblc 
figure of a ferpent, 

I opened one of thefe eggs in the prefence of 
M. Bo», and fevenii other per Tons, who were z\\ 
equaJiy furprized to find it quite void of yolk, 
and in lieu of yolk, to difcern a body much 
refembJing a little twlftcd ferpent *^ which I eafily 
unfolded, after firft ftitfning its Jubftance in fpiric 
of wine, when it appeared as in fg. 3. After 
this, I opened fome others, which, in the main, 
proved alt Jike the tormer, with this only difFe- 
rencej that the feeming ferpent was not equally 
well exprcfltd in all. Several of thefc eggs 1 
(hewed ihe academy ; in fome of which was 
fccn a yellow round fpot about a line in diameter, 
and without thicknefs, fituate on the membrane 
next under the Qiell, diredly againft the obtufe 
end of the egg. 

The difference between thefe and the common 
eggs, which have al' a yolk, gave me a curio- 
fity to examine into the matter, being convinced, 
that if they were lain by a cock, it muft have had 
a peculiar organ fori he purpofe ; and befides the 
teflicles and two yards have been furnifhed with 
f Pbtt r, I'ig. I . * F!g. 2, 

3 an 
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an ovary and a tube, which muft have rendered 
it an hermaphrodite. This indeed is no more 
than feveral animafs are in their kind v and we 
read lb many accounts of fuch monfters, rhat there 
was no great difficulty in luppofing, tjiat a cock 
might chance to be fuch. 

Upon this thought, 1 opened the young cock, 
which was fuppofcd to have Iain the little eggs, 
and in the difle*flion 1 made of it, found two 
large tefticles, from whence arofe very regular 
feed veflels, which terminated each in their fide, 
with a little yard in the cloaca^ The cock in 
fine was found very vigorous, but utterly inca- 
pable of laying for want of organs. t 

Upon this, I procured fome of the eggs to 
be brooded on for hatching \ but opening them 
after a month'^s incubation, J could find no al- 
teration in them» excepting that the white was 
more divided* and alfb more fluid than ufual. 

The farmer having now no cock was furprized 
to find a continuation of the fame eggs, and be- 
ing very Ibliciious to find whence they fhould 
come, watched them fo narrowly, that at length 
he affurcd me^ they were lain by a hen, whicli 
he brought me accordingly. 

Ail the time I kept this hen I found it crow 
very (Vrongly, muchjike a cock that was hoarfe : 
and that file voided by the anus a thin yellowifti 
matter, not unlike the yolk of an egg dilated in 
water, and (lie ftill continued laying little egg3 
like thofe I had opened. 

Being fatisfied of thefe fafts, nothing remained 
but to difcover the caufe, which accordingly I 
fought for in the vifara of the hen, and Ihewed 
the academy a bladder about the bignefs of the 
fift full of limpid water reprefcnted by CCCCC, 
' fg. 4. which was fattened by the upper root of its 

neck 
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tfttk Gy to the ligameni EE, wtiercbf the ovary 
is fixed to the mouth of the oViduft, and by the 
lewer toot to the centre G of the mcfentery of 
the oviduft, which choaked as it were the two 
parts of the oviduft thus grafped by F F. 

This fort of dropfy pinched the two parts FF 
of the ovidud fo cltife, that their cavity, cveii 
when moft diftended, was not above five Jmes ia 
diameter •, and confequently a common egg, I'uch 
as they are when they fall into the tube, cauld not 
pafs withc5ut burlling either the oviduift or itfelf. 

The belly was full of a yellow liquor, wherein 
little concretions were found floating like pieces oF 
hardened yolk, which formed another very fin- 
gcdar fpecies of dropfy. 

Now the large bladder fill I of water was the real 

cauie of all thefe effcifts. When an egg 

grafped by the mouth of the tube became feparated 
from the ovary, and entered into the ovidufl, it 
pafled along, tho' with fome diificdty, beyond 
ihc firft choak, but could not get beyond the fe- 
cond, both as it was clofcr than the firft, and by 
feafon the white of the egg had been enlarged by 
anaccelTion of moifture, fumifhed froni the mem- 
branes of the tube it had palTed by : thus the egg 
being imprifoned between the two choaks, irri- 
tated the membranes of the tube, which not being 
able to expel it, redoubled its contraftions, and 
obliged the hen to give irielf violent throws and 
ftruggles, which it expreffed by a fort of cry, 
imitating, as already has been obfcfved, the crow- 
ing of a cock. By thefe ftruggles the bladder of 
water was comprefTed, and ihruft clofe againft its 
hold; the effeft of all which forces was, that the 
egg, whofe membrane was yet very thin, and 
which have but very little white, and no fliell, 
burft i upon which the yellow run ouc fometimea 

Vol, IV. N^ 36, L into 
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into the abdomen, and fometimes into the anuSt 
according to the fiiuation of the chirk, or rup- 
ture i and both the one and the other had befallen 
this hen, as we have already obferved. 

The bulk of the egg bfing thus diminiftied by 
a lofs of a great part of the yolk, came forth not- 
withftandJBg the choak, and was at length deli- 
vered. 

It is obtervable, that the white fur rounding the 
yolk, filled notwidiftanditig its being pierced in the 
part whereat the yolk run out j and confequently 
its wanting the tenfion, one would have thought 
neceffary for its growth ; for notwithftanding aJJ 
•this, the humour lurniflied by the membranes of the 
* oviduct, continued to fill and fweli its fpunge- 
ous parts; and in proportion as it fwelled, it ex* 
prefled the remainder of the fluid matter of the 
yolk, which could not withftand by reafon of its 
iflue J and therefore commonly was evacuated al- 
moft wholly, only leaving fometimes a few traces 
Tin one of the corners of the egg, under the form 
of a yellow fpot. It might fomeiimes alfo happen, 
that a litde part of the yolk fhould be left in a 
body, though I have never found it fo in any eggs 
I have opened. 

* Several peHbns pretend, that the white of the egg is 

/liftiiihed hy the yolk- This obfervadon detnonflrates* not 

I, ■only that the yolk is not the fource of the white (for how 

could the yolkt which increafes ratJier thaa diminiflies in the 

' oviduft, be fufHcient to produce the whole I'ubfUnce of the 

J "white, which is of a much greater dimenfian than the yolk 

|otieIf, if it did not receive i[ elfewhere?) but alfo that the 

, liquor which makes it, does not pafs through the yolk, but 

I after having pafled through the exterior membrane of the egg, 

Jr enters immediately into the fpongious body, where it flops j 

fflf this was otherwifc, the humour of the white would Havftj 

MQwcd togetlier with the yolk, and its fpongc would not havtt 

' DCrcalini. 

While 



Royal Academy o^SctENCEs." 75- 

While the yolk was emptying, in itfeff, by litrle 
SLTid lictie, the Cbalazas ranged themfelves tliffe- 
rently, according to the place where the egg had 
burft i if the rupture were afide of a Chaiaza, the 
cells about the oppofite chalaza fwelling, chofe 
the other which faftened itfelf to the obtufe end of 
the egg, as meeting there with the lead refiftance ; 
accordingly I have frequently found it faftened 
in this part, and fbmetimes even together with the 
yellow fpot. 

But when the aperture happened in a part of 
the yolk equally diftant from the two chaiaxas, 
they then wrought in concert to expel the yolk j 
and after this, reunited in the centres of the egg, 
by the contraftion of rhe membrane of the yolk, 
to the ends whereof ihey are Brongly faftened, 
which made the rcfemblance of a fcrpent much 
more twift^d rhaa when there was only one tha- 
laza. 

After theyoTk had been intirely evacuated, and 
even followed by the moft fluid part of the white, 
its aperture was foon clofed up, and cicatrized by 
the vifcidity of the white, as well as by the fatty 
matter fmeered over the infide of the oviduft, and 
even by the humid matter of the egg-fhell lodged 
at the bottom of this dud., 

' I have collected fome of this humour, and ex- 
pofing it to a gentle heat, it formed a fubftance 
perfectly like the fliell. 

There is 2 great probability, that part of the 
white went away with the yolk, fince there was 
only about a third fo much white in one of thtfe. 



as in 3 common egg. 



I have fometlmes found the ckalrix of the aper- 
ture of the membrane whereat the yolk had jfllied 
fo clofcly faftened to the part of the fhell cor- 
r«lponding to it, that one could not have fepa- 

L 2 rated 
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[ jrated it without tearing, which was not the cafe 

in the reft of the ciixu inference. 

If hens fometimes lay eggs without fhells, it is 

"owing cither to fopie difeafe, which irritating the 
tube, makes them expel the egg before its time j 

fpr too great a fecundity, which will not givp 
them leifufc to ripen them all -, fome hens will, in 
the fame day, lay a perfedl orderly egg, and an- 
other without a fbelJ i add, that the want of a 
fufficient quantity of this humour which forms 

'the fhells, may in Ibme hens be a caufe thereof- 
It is poflible like wife for a hen to lay eggs like 
thofe here defcribed, when by the violence of its 
Sruggles to be delivered of it, or by fome other 
external caule, the yolk of tlie egg happens to bp 
burft in theovidud ■, but this caule not being cofl- 
ftant, the fame hens may at other times lay well 
conditioned eggs. 

Such choakings or comprefliorts which utterjyj^ 
prevent or annihilate the young ones in the ovipa-^ 
rous kind, by withdrawing the matter of the nur' 
iriment, would only render thofe of the viviparous 
^ind monfters, by reafon thefe do not carry their 

[^utrimen^ with them, but find it in the womU 
where they are going, provided fuch compreffioa 
'60 not deftroy any part elTdntial to the life of the 

'animal.- Hence we are not to be furprifed^ 

' that thefe latter furnifli much more monfters than 
the former. 



An explmaiion of the figures^ iranjlaled byj.yi.- 

Plale I. Jig, r. reprelents an egg without yoIk|i 
of the natural bignefs, covered with itsflaell, having^ 
one angle acute, and the other obtufe. 

Ffg^ 2. reprelents the iame egg opened. 

* » • BB 
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BB the thick white, in the centre of which ap- 
pears the cbalaza, or figure of the pretended fer- 
pent. 

Fi^. 3. reprcrents the i^mcehalazs taken from 
the centre of the thick white, and viewed through 
a microfcope. . , , 

Fig, 4, fhews the Inftde of the belly of the hen, 
which laid the eggs reprefeoted in the preceding 
figures. 

AAA A the ovary. 

BiJBBEBBB the ovidud. 

CCCCC the preternatural bladder filleid with 
cletar water, fituated in the middle of ilimak^meu^ 
laid on one fide to difcover its taftenings ; it co- 
vers a parrt &f the ovidu^, and itrangkis it: in tlte 
a places marked FF. 

D the expanfion, or entrance of the qyl^tid. 

EE tfee Jigament, which faftens the fide of the 
right expanfion of the ovary. 

FF the ligament of the neck of the bladder 
CGCCG, which ftrangles two pJiJces of the ovi- 
duifl. 

GG thefafteningof the ligament j the wpp«r 
one to the ligament EE, and the lower one to the 
centre of the mefentery of the oviduil. 

H. th^doaca in which are feen two apertures; 
one of which correfponds with the ovidu6t, and 
the other with the inteftine, 

Ilin feveral yellow concretions, iiiterfperfed in 
the abdomen, refembling parcels of the yolk of a 
btfdegg. 
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XVII. J^ comparifon 0/ the obfervations of the 
tclipfe of the moon^ Feb, 13, 1710, made 
indifferent places ^ ^j? M. Maraldi*. 

We have compared the obfervations of this 
' cclipfe made at Montpelikr, by MeiT. Plant ade 
' and de Ciaptez, with thofc which are made at the 

fame time at Verfailles and at Paris ; and this is 

therefaltof them. 

II 15 50 Ail Grimaldi out of the Ihadow at 

Montpellier. 
II 90 Grimaldi intirely emerged at Ver^ 
failles. 
€ 50 Difference of the meridians between 
Verfaillss and Mentpdlier \ but Ver- 
failks is more wefterly than Paris by 
5<yoftimei therefore the difference 
of the meridians between Paris and 
MontpelUer^ is 6' o". 
II 23 53 Theeclipfe was 8 digits atM^^/^i/Zifr. 
ig o The fame piufe at Paris. 
451. Difference of die meridians, 
II 32 40 The ecJipfe is 7 6']gns at Msnipellier, 
28 o It is 7 digits ac Paris. 
4 40 Difference pf the meridians, 
II 29 o Coptrnicus out of the ihadow ziMsni- 

pellier, 
II 22 o The ftiadow quits Copermcus st Vif' 

f':ili€S. 

7 o Difference of the meridians between 
Monipdlier and Virfailks, and be- 
tween Manfpellier itid Paris^ 6 i<y', 

• March 12, 171Q. 
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[2 o The fhadow at the tdg^e of Menalaus, 
at Montpellier. 

\6 15 The fhadow at Mtnalaus, 

5 45 DifFerence of the meridians between 
ManlpelUer and Paris. 

.7 2 P^/«}' at MontpeUur. 

.0 o i*//'«7 begins to emerges at Verfailks. 

7 2 Difference of the meridians between 
VirfaiUes and Montpellier^ and be- 
tween Pjrf J and Montpellier 6' 1 2" 
by this obfervation. 

.7 2 P/f«ji? at Montpellier. 

.1 20 The fhadow of Plwy obferved at 
Paris. 

5 42 Difference of the meridians. 
13 18 All Tycbo out of the fliadow at Mofti- 

pellier. 

11 47 10 The rtiadow at the fccond border of 

TycbQ at P^ris, 

6 8 DifFerence of the meridiins. 

12 12 24 The eclipfe is one digit at Montpellier^ 
12 80 The fame phafe at Paris. 

4 24 Difference of the meridians. 
1 8 10 End of the eclipfe at Montpellier^ 
12 ao End of the eclipfe at Paris, 

5 50 Difference ot the meridians between 
' Paris and MonSptlliir. 

1 1 30 End of the eclipfe ai i^er failles 

6 40 Difference of the meridians between 
VerfdilUs and Montpellier, 

By the comparifon of thefe obfervations, the 
fpoEs of Grimaldr, Copernicus^ and Tycho, give 
within fome feconds the fame difference of the 
meridians between VerfailUsy Paris, and Mont* 
peliier ; and that of 6' 10" which refuUs between 
MGntpellier and Paris, agrees with that which 
5 has 
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has been found by the obfer^ations of the fatellites 

of Jupiter^ made in both places, and by the tri- 
angles of the meridian. The difiefencse of the 
meridians which refuks between Putris and Ver- 
failksy by the fame obftrvations, is alfo the fame 
that has been found between thefe 2 cities, by geo 
metrical operations. 

This exa(5tnefs comes from the fpots being well 
determined, and die time of the fhaUow*s quitting 
the fecond limb of ihefe fpots being well diftin- 
gujfhed. There is not the fame e)ta£tnefs in the 
difference of the meridians which refuhs from the 
^ots of Pliny and Menelaus^ obferved at Paris 
and Monipellier -, becaufe as thele fpots have fome 
breadth, they have not agreed perhaps in mark- 
ing the arrival of the ftiadow at the fame term of 
the fpot, as they have done in the obfervation of 
the former fpots. 

The difference of the meridians which refulta 
from the determination of the digits eclipfed, is a 
little more than that of the fpots j which ihews, 
that we mufl: not make afe of chefe forts of obfcr- 
vations in the finding of longitudes, except when 
we have no obfervations of the fpots, 

Laftly we fee* that in the dcterminaEion of the 
end of this eclipfe, all the obfervers agree within 
about 7 a minute, tho* they are not fo exadly 
agreed in the determination of the digits eclip&d. 
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ABRIDGMENT 

OF THE 

Philosofhical Discoveries and Ob- 
servations in the History of the 
Royal Academy of Sciences at 
Paris f for the Yea^ lyi i . 

I. O* the c&mmunicatkn of air in water, 

WE know that the water is quite filled and 
impregnated with air. As foon as it is 
in vacuo^ the air which it contained, difengages 
itfclf, and goes outj in an infinite number of 
bubbles. The mechanifm of the refpi ration of 
fifhes, confifts only in drawing from the water, 
the ajr that is inclofed in it ; but Meft. de U Hire 
had a mind to fee what power obliges it to enter 
therein, and whether it enters with a velocity pro- 
portioned to the force with which this power im- 
pells It. 

For this purpofe, they took a crooked glaft 
tube, with unequal branches^ the longeft of which 
being hermetically fealed, was twenty- four inches^ 
and rhe Ihorteft three. They poured water in it, 
incHning it, but did not fill it intirely \ fo that 
when they afterwards placed it vertically, ther^ 
happened to it the fame thing, as to a tube not 
quite filled with quickfilver. There was at the 
top of the long branch, fome air a little dilated i 
it occupied four inches, and rhe water kept up at 
fix teen inches, nine lines, above the water of cfae 
i ittle branch : thefe four inches of airj and thefc 
Hxteen inches, nine line-s, of water, made there- 
fore 
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Fore an equilihYum^ with the mtire column of air 
which frelT^d upon the little branch \ and as they 
had taken the time when the barometer was in its 
mean height, this oolamn was equivalent to 27 i 
inches of qaick-filver, or thirty-two feet of water, 
whkh are three hundred eighty-four inches r con- 
fequently the four inches of air inclofed m the long 
branchj made an equilibrium with three hundred 
fixty-feven inches, three lines of water, and were 
more dilated than the outward air in the ratio of 
three hundred eighty -four, to above three hundred 
fixty'leven. 

The air which touched the water of the little 
branch, being more condenfed, or which comes 
to the iame thing, more prefled than that of the 
long branch, ought therefore to enter into the wa- 
ter, to pafs into the long branch, to rife always 
through the water, to join itfelf to the air of the 
top of the tube, to augment its bulk, and its 
M^eighr, and make the fixteen inches, nine lines, 
of water, fink. To make the outward air enter 
into the water in a greater quantityj the little 
branch opened into a glafsphiu', which prefented 
tp the air, a pretty large furface. 

This was done the 1 6th of Marchi 1710*, and 
the crooked tube was left in experiment, MefiT. 
de la Hire fully cxpeifted, thfit the water of the 
long branch would fink, as they had feen n hap- 
pen to that of a water-barometer which they had ; 
they believed alfo, that befuies its defcending in 
general, by the introduilion of a new air into the 
top of the tube, it would have fome particular va- 
riations of height, by the fame caufcs with the 
b^fopjeter and thermometer j bui the event was 
§bib!utely contrary to all that could be forcfcen. 
At the end of three months, die water was rifcn 

abouc 
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about four lines in the tube-, and the a 6th of 
December it was an entire inch ; fo tliat the air 
which was inclorcd in it had loft ^ of its bulk. 
The vari.ations of the heat, and of the graviry of 
the atmofphere, had not any effeft upon this 
water, 

MeJT. ie la Hire do not yet undertake to ex- 
plain fo unexpe<5ted, and fo odd a phsenonrtenon. 
They labour to clear it by other experiments, 
which perhaps have alfo their oddneift*^ or their 
wonders. 



II, On the cmtfe of the variation of the ba- 
rometer ; tranjlated by Mr, Chambers. 

It IS evident from the barometer, that when it 
rains, or is about to rain, the air ufually becomes 
lighter than before. Now 'tis eafy to imagine, 
that if the air become lighter, it mLfft rain ; fof 
rhat the little infenfible molecules of water difftifed 
in vail quantities through all parts of the air, be- 
ing no longer fufficiently fuftainedi when the aif 
has loft part of its weight, muft of courfe begin to 
fiill \ and by this fall, united togedier, form drops 
of rain : thus in the receiver of an air-pump, after 
about half ot the air is exhau fled, and confeqtient- 
ly the weight of the whole diminifhed by half, we 

find a little Ihower trickle down. But then, 

how ccmes the air to Icofe its weight ? The anfwer 
fnight be, that where it rains^ the winds have 
driven part of it elfewhere •, but M. Leilmiz^ in a 
letter to the ^Hif Bignon, a II edges another reafon, 
entirely new. 

He .alTerts, that a foreign body im merged in k 
fluid, weighs v;ith that fluid, nnd niake part of 
its whole weight, fo long as it is fuftained therein % 
but that if it ceafe to be fuftaincd, and lonfe- 

qutniiy 
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quently begin to fall, its weight will no longer 
make part of that of the fluid, which therefore 
becomes lighter of courfe. The applica- 
tion of this, to the molecules of water, is eafy; 
they increafe the weight of the air while it fuCtains 
them J and diminifli it when it lets them fall 5, and 
as it may frequently happen, that the higher mo- 
cules of water fliall fall a confiderable time ere 
they join the lower, the weight of the air will be 
diminiftied ere it rain, and the barometer will 
foretel it. 

This new principle of M. Leibnitz is very fbr- 
prifing j for a foreign body immerged in a fluids 
whether it be fuftained therein, or not, mvSt ftill 
weigh,or gravitate. And can its weight bear on any 
other bottom, than that which fupporrs the whole 
fluid ? Does this bottom ceafe to bear the foreign 
body, becaufe it falls ? And does not this body, 
even in its fall, continue to make part of the fluid 
fo far as it regards its weight I By this account, 
while a chymical precipitation is proceeding, the 
whole matter muft weigh If fs than it did, before 
the precipitation began, which is more than was 
ever vet obferved. 

But notwithstanding all thefe objeiflions, the 
principle will fubfift when clofely examined. What 
fupporrs a heavy body is prefled by it i a table, 
for inftance, which fupports a lump of iron of a 
pound weight, will be prelTed by itj and will 
only be prefled, becaufe it fuftains the whole 
ajftion and effort, which the caufe of weighr, 
whatever it be, exerts on this lump of iron to 
drive it downwards ; if therefore the table yield, 
and give way to the afirian of this caufc of 
weight, it will no longer be prefTc^d by it ; and 
confequently will not bear any thing : after the 
lame manner, the bot;02i ot a veHel containirg 
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a fluid, oppofes the whole ad,ion of the caufes of 
gravity on that fluid j and if a foreign body float 
therein, the bottom will alfo oppofe the ai3;ion of 
the caufe of gravity thereon ; for that fuch body 
being in equilibrio with the fluid, is as to this re- 
fpcd, a real part of it : thus the bottom isprcflfcd, 
both by the fluid, and the foreign body j and ic 
bears them bcth*, butif fuch body Jail, it yields 
to the action of gravity ; and confequently the 
bottom does not fuftain it, nor will fuftain it till 
the body falls upon it, during the time of the fall ; 
therefore the bottom is eafed of the weight of this 
body, which is no longer bore by any thing, but 
impelled by the caufe of gravity, which nothing 
hinder! it from yielding to. 

To confirm this dodriae, M. Lelnhitz pro- 

pofcd an experiment. To the two ends of a 

thread fatten two bodies j one of them heavier, 
and the other lighter than water s but fuch as that, 
both together, may float on the w^ter : put ihele 
in a phiai full of water, and fufpend this phial in 
a ballance, where it ftands exactly in equilibrio 
with another weight -, then cut the thread which 
ties the two bodies together, and the heavier will 
begin to fall. In this cafe he holds, that the 
phial will no longer maintain the equilibrium -, 
but that the weight, which before v,-as equal to 
it, will now prevui], and make it mount by rea- 
fon the bottom ot the phial, which bears the whole 
weight thereof, is now Icfs prefied than before. 
It is evident fuch phial muft be of a fufficient 
jengthi that the falling botiy rtay not arrive at 
the boECCiTi, before the phial have had time to 
mount. In chymical precipitations the veffds are 
not deep enough, or the matters precipitate too 
haftily,Qrfometimeseventoonow!y,fortheefFedtof 
this principle to appear, fo that the falling particles 
3 arc 
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always, as to lenfe, in equi-librio, with the li- 
quor which eonrains thein. 

M. Ramazxifii, a celebrated pmfeiRir at Padua^ 
to whom M. Leiifniiz had propofed his experi- 
ment, made it: with fuccefs after a few firuitlefr 
tryals, and it fucceeded in the fame manner with.' 
M. di^ Reaumur J to whom the academy deputed 
the care of making it, fo that we have here a 
new view in philofophy, which the' it arife from 
a principle well known, is yet very fubtile and ab- 
ftrtife V and may give us room to apprehend, that 
in fubjefts which had been the moft canvaiTed, 
many things have ftiil efcaped us, 

IIL The defcription of a natural grotto near 
Foliguo, m Italy. 

'I 
M, Mardldi has given the defcription oF a na- 
tural grotto, which has been found in making 
the foundation of a houfe, that M. U Marquis 
Eiifei built three miles from Foligm, in Itaij. 
The figure of the grotto is irregular ; its grcatelt 
height, which is unequal, is thirty or forty feet, 
and ten or twelve paces broad. The wails of ic 
are formed by a fine incruftadon of marble, of a 
pale yellow colour; and they are raifed from 
ipace to fpace, by columns in i^ajjo relievo, of 
tlic fame marble. From the top of the vaulE 
there defcended other like columns, fome quite 
to the ground, which were twenty-five feet long ; 
the others at different diftancesj and the fhorteil 
were only two or three feet: their diameters werfl 
I alfo of very dilferent fizes* Among all thefc di- 
IverfitieSj there was a remarkable regularity. Th*^ 
> height of the walls, and of the columns, both of 
thyli that are placed againft the walls, and of 

thofe 
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thofe which defcended from the top, provided 
they defcend low enough, is divided into two un- 
equal parts, by a cord which runs through the 
whole J and is in the fame horizontal plane railed 
about four feet above the floor. All that is above 
the cord J is more equal, and uniform, and Ida 
nigged than that which is below. From the cord, 
the columns grows thicker to a certain diftance > 
after which they grow lels. In this fweJling, 
M. Maraldt found the circumference of the co- 
lumns to be thirty inches; whereas it is only 
twenty-two above the cord. This floor of the 
grotto is unequal, and formed by broad and thin 
flabs of marble, placed one upon another ; and 
fometimes in fuch a manner, that they make little 
arches, which, by talking upon them, fmk in, 
and break. 

As there is near this place a river, the waters of 
which have a fulphurous tafte, and fmel), M. Ma- 
raldt believes, thatthefe waters in filtrating thro' 
the earths, may have brought away feme clay, or 
jand, which being mixed with fome fulphur, may 
have formed all the petrifications of the grotto i 
for he obfer^es, that the fulphurous waters of T'l- 
'iioU have always a number of littie ftones ; the 
aflTcmblage of which forms a fort of Travertin ; 
and that probably thefe waters have produced 
them, fince the common opinion of the workmen 
is, that this 'Travertin increafes fenlibly. Some 
liner fands which have been brOLightat fiift, have 
made the petrefications which arc above the cord» 
more equal, and more perfect i afterwards, fome 
coarlcr fands which have paffed thro' the paths, 
which the firft had opened, perhaps alfo mixed 
with too much water, to give it an eafier pafTage, 
have made the lower petrifications, Icfs uniform, 
and not fo well wrought. 

Vol. IV. N?.37. N The 
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The grotto of Anliparesy which was fpoken of 
by the late M. Teurnefort in the memoirs of 
1702*, was aSfo full of pieces of niart>le i but. 
they came out of the ei.irth, and raifed themfeJve* 
upwards. And if, as aii we have fsid in the 
hiftpry of 1 70S, this grotto in the hypotlipfis of 
IVI. Tourn^jori was a garden, of which the piece^^ 
of marble were the plants, this of F&Iign9 will be 
alio a garden, but inverted fince the plants grow 
from its arch, and defcend la tliis refpe<5l like 
coral. 



IV. On the reduBmi of the depth of Jnow t'j^ 
melting. 

According to M. de la Hire's obfervations, £how, 
wlien melted, is reduced always to the fihh or 
fixth part of the height that it had. The night be* 
tween the 1 3th and 1 4th of February^ diis year, 
there fell fome fnow, which was reduced to ,-, th 
of its height ; that is to fay, in melting it dirni-* 
liiflied as much again as ufual : the reafon of it is, 
as M. ds la Hire has obferved, that it was very 
fine, very thin, and all in fmall fiakes, and cx- 
Cefliveiy dry ; which fupporting thcmfelves, one 
upon another, occupied a great deal of Ipace. Be- 
caufeof this drynefs, it fiiftened but little upon 
the houfes; and that which fcU upon tlie north - 
fide, from whence the wind came, was entirely 
carried away, although there fell fix or feveo 
inches of fnow. 

? Vo). I. p, 419 of this abridgment. 
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'^: t>ffhe' cf^/dun of hdiei melted 3/ the Bum- 
ing-glajs. 

M. 0vmierg has faid, that fiich fabftances as 
gofd( filv^r, &c. ■nrhich being in fuflon at the fo- 
cus bi a bui'ning glaPs, appear to the naked eye^ 
only under the colour of light j and with a pro^ 
digious bt'ig:Htnefs, are feeh with their natural c6- 
')ait, iftFrejr are vieiVed through a fmoak^d 

VI, Of a glew for agat, 

M. Hdmherg has proved, that the glfew of 
cheefe, whrch is proper fofglafs^ is of ho ufb for 
^ Agat ; and that it miift have the varnifii of chiOa; 

Vil. Of a fah fmmd in the waters of 
Ardueil. 

In Novfmhr ryro, M., de la Hire the fori, 
having a mind to make fome expcrinn^nts, had 
with the ^ai^r of ArcueiJ filled a bottle, in which 
there had been wine 5 but it had bfeen rinfed with 
-two or three wraters j he put a piece of kad in it 
as big as a nut, and afterwards ftopped it wcfU 
with a cork. He left it without touching it, in a 
place where the fun did not fhine, and where 
■'there was no fire made. In January following, 
he looked at his bottle, and perceived that upon 
the convex part of the bottom of the bottle, there 
wMs a little white body, as big as a pin*s head, and 
fome days after, not having removed the bot- 
le, he faw that ir was a grain of fait of a cubic 
igore, and that it began to form feveral others 
N a round 
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round it. They continued forming themfelvcs 
till the end of May, when there was about twenty 
of a middling fize, and as many fmalloncis, M, 
de In Hire drew fome of them out of the bottle 
without emptying it, and he found they had the 
figure of the fea-falt, and a little of its tafte* 
Having kept them fome days wrapt up in a paper, 
he faw that they were become white inftead of 
tranfparent, as they were before, that they were 
almoft all reduced to powder, and calcined of 
themfelves 5 and that thofe which were not fo, 
cafily broke, and became a very fine white pow- 
der. 

As the water of Arcud! produces a ftony cru£t 

, in the channels where it runs, we might believe, 

, that the matter found in the botde was of the 

fame nature, but it had a tafte, and calcined in 

ihe air, two qualities which the other has not. 

We know 1 hat lead diiTolves in vinegar, and 
M. ie la Bire fufpefted, that fome acid particles 
of the wine which had not been taken away in 
wafhing the bottle, might have afted upon the 
little bit of lead that he had put in, and loofened 
ithefe little white grains from it j but if they had 
been lead, they would eafily have incorporated 
with an oil, as that of nuts, which they did not 
do at all. 

There is therefore more probability, that they 
were fair, akho' it is pretty extraordinary, that 
they fhou!d be thus formed in fo pure a water as 
4hat 0^ Jrmeil. In emptying the bottle, M. de 
, la Hire faw, that fome bits of threads were har- 
dened by this fait, and that the reft were rotten. 
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VIII. Of a furprifmg fmlftnefs in the motion 
of an almoji trmijibk infeSl, 
M. "Ddifie has obferved, that a fly, fo fmall as 
to be almoft invifible, run over a paper of almoft 
three inches, in half a fecond. It was fo fmalJ, 
that its feet might be reckoned to apply them- 
felves fucceflively upon the whole ipace that it run 
over \ and as it appeared to M. 'Delijlt that they 
might be f of a line in bignefs ; it made in the 
ipace of a line, fifteen fteps^ or fifteen motions ; 
and confequencly it made 540 in the fpace of 3 
inches. How nimble muft it be to remove one 
foot above 500 times in f a fecondj or more than 
1000 times in one of the common pulfations of 
our arteries ! It is true, that with a magnifying 
glafs, this infe<5t appears to have two wings, but 
it is not perceived to ufc them. 



IX. 



Obferuatiom on fome puppies killed 

haflily. 

M. Lit Ire fays, that having fuddenly, and at 
one ftroke, cut off the heads of fucking puppies* 
he found the ftomachs full of four and coagulated 
milk. Now there was not any confiderablc al- 
teration made in it, fince the death of the animal 

. was fo quick ; and confequently it appears, that 
the milk was foured by a natural ferment of the 

, ftomach ; and that it is this ferment which makes 
the digeftion, which fome fkilful moderns make 

■ to depend entirely upon the iriiuraiim of the 
membranes of this bowel. 

M. Littre had another defign in this experi- 
ment 1 he had a mind to fee if the water of the P*- 
ricardium, and that of the ventricles of the brain, 
which we commonly find in dead bodies, were 
not produced, as fome maintain, by the approach 

of 
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of deaihj by ficknefs, by agitations, tj'f. Thcie 
-frtjppies fo haft fly killed » were proper fat fc- 
folving the queftion. They had wattr bocfi in 
thki pericardium^ and in the vencricles of the brain, 
dnd confequendy they inuft have fomc natural ufe. 



X.- Oft 'windmiUs, 



'» 

The perfection of windmills, that we Jia^e 
boafted of in the hiftory of 1701*, muft be uri- 
dcrftood only of tlw two points there mention^cl. 
The axis of the mill which carriers the fails, muft 
be put exactly in thfe direftion t;f the wind, and 

'the fails muft be oblique with regard to this axis, 
and make wkh it an angle of alrtioft ss^. THe 
firft point isiihvays obferved in the praftice •, (he 
feccnd is often wanting j and M. Parent has bb- 

•ferved, that about PariSy the angle which ougRt 
to be 5^^ is 71 1, which receeds too far froiti whk 

vis prescribed by the theory of mechanicks. 
■ Befidgs this well known defe£t» whichcannoc fte 
imputed to the theory, it i^very polTiblethat there 
miy be others in the machine which we do not 
know, becaufe the geometricians have not ex- 
amined them enougli. They put four fails, and 
they make them ra5tangular i the proportion of 
thefe reftangleSj is commonly 32 feet length ©f 
fail, from the centre of the axiSi or arhr ; and 
27 feet length of cioth, to 7 in breadth. Bat 

. how are we lure that thefe are the number of fails, 
and the figure, and the proportion which agree 

..the belt with the defign of the machine ? We 
might even confider alfo the pofition of the fails, 
nf which the Hualleft dimenfion, or the breadth, 
K pvit to the fide of the axtj^ without any ways 
doubting whether the other dimenfion fhould not 
be put there. However^ nothing of all this is dc- 
monftra^cd, and M. Pitrtffi comes^st laft to difli- 
. • Vol. I. p. 25 s. pate 
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p3te this uncertainty, and fix al! the views ih^^ 
can be had upon this fubje^. 

The whole force of a windmill depends on thp 
imprefllon of the wind upon lis fails. We fliaU 
UQt determine the number of them v but confider 
only one, of which the figure, the pjopordon, 
and pofilionj fiich as we have juft explained, 
fliail remain undeterminate. We muft only fup- 
pofc the axis to be in the direftion of the wind, 
^nd that the fail makes with the axis, an angle of 
55", fince thefe are already two advantages that 
ifve are fure of, and two truths, of which we arc 
iatisficd. The imprelfion of the wind upon one 
^il, is as much greater as the furface of this fail 
is greater, fince there are a greater number of 
points impelled by a force, which in itfelf, is 
lequal. But as the fail is fastened to the axts^ the 
fame wind a£b upon the different parts of the fail, 
with fo much more advantage, aa they are farther 
diftant from the centre of the axiSy becaufe a, 
greater diftance from tJiis centre, which is the 
lixed point, is a greater lever, by which the 
wind afts: thus we may look upon the whole 
kngthj or height, of the fail, as a feries of le- 
vers continually increafing •, among which there is 
neceCTarily a mean, which fo compenfates the dif- 
advantage of the fmall, and the advantage of the 
great ones, that if the wind a£led by this lever 
alone, it would adl as much as by all the reft to- 
gether, and therefore the £e?itre of the impnjfion of 
the wind upon the iaiJ, is at the extremity of this 
lever, according to the idea that we have given of 
thde forts of centres in the hiftory of 1702, and 
1703. 

The adlion of the wind upon the different 
poiius of the ft^rface of the fail, being of itfelf 

cqualt 
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equal, it b the fame thing as if we ihould conff? 
der them as equal weights, but unequally djilant 
from a fixed point, and afting by unequal levers- 
Now in this cafe, the point where all their adion 
would fe-unite, or to fpcak more accurately, the 
point in relation to which the produft of the 
weights, by their levers, would be equal on both 
fides, would be the centre of gravity. Therefore 
here the centre of gravity of the fail, faftencd to 
the axis, and the centre of impreffion of the wind 
upon the fail, are only the fame thing. 

The farther the centre of gravity of the fail 
fliall be from the centre of the axis, the longer 
will the lever of the wind be, and the more ad- 
vantageouflywiJl the wind aft. Befides, its force 
is abfolute, which is as much greater, as the fur- 
face upon which it falls is greater -, and confe- 
quendy the whole force of theadion of the wind, 
is a produd: of the furface of the fail, by the di- 
Itance of the centre of the axis from the centre of 
gravity of the fail. 

. Wc know, that according to the figure, and 
more exactly according to a geometrical nature of 
a furface, the centre of gravity is there placed ac 
different diftances from the fame fixed point, with 
regard to which we confider the different levers of 
its different parts. Thus the wind may aft with 
more forc*upon a fmall furface, than upon a large 
one; if in recompenfe it adtsupon the fmall by 3 
longer lever i and in general, the lever of the 
wind being variable, according to ihe figure of 
the fails, we muft neceflarily make it enter into 
the examinations of the force of the wind. Wc 
fuppofe for the fail, a length, or height, which 
Ihall always be the fame example, or 32 feet, let 
the fail be filled or not, that is to fay, let the clotli 
begin, or not begin, from the axis of the inUL 
I M. 
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' ' M. Parent gave at firfl: a figure to the iliil tliat 
had never been leen i he would have them a fcftor 
of an ellipjis j the centfe of which, ftioitld be that 
of the axis, or arbor, of the mill 5 and the Jmali 
femuaxis the height of 31 feet % and for the grcac, 
it neceflkrily comes afterwards by the fuppothion, 
which always fubfifts, that any fail whatever is- in- 
dined to the ants of the mill by 55". We fti-iU 
not reft upon this point, which is too geometrical. 
The cUiprieal fail is full : but to have its centre of 
, gravity, it nfiuft be known what portion of art 
eiltpfis it is, if this fcftor is |, or \^ or f , or 
which is the fame thifig, if we would allow 2, or 
4, or 6, fails to the mill j and this is th^ 
rcafon. 

The centre of gravity of an ellipiic^il fc(5tof, is 
the fatnc as that of the cofrefponding feftor of a 
circle defer ibed upon the little amis of the elUpfis. 
Now to have the centre of gravity of a circular 
ieftor, we muft have that of the arch of th*3 
ie<5lor ; and the whole depends upon well under- 
ftanding what the centre of gravity of an arch of 
% circle is. 

We muft conceive this arch with it9Cord» Irt 
propordon to which all the points of the arch are 
as equal weights, acting by levers, which are 
lines drawn from each of thefe points, upon thd 
cord parallel to the radius, that cuts the cord m 
half. The part of this radius contained between 
the cord, and the arch, is the verfed fine of thef 
arch. This fine is the greateft of all the levers ; 
"and it "is this, by which the fummit of the arch 
a As. All the others to the right, and left, cond-* 
nualty diminifli, till they come to nothing. It is 
viiibJe, that a mean lever will be fmaller thtm thia 
verfed fine; and will be a part of it-, one extre- 
mity of which will be at the verux of the arch^ 

Vol. IV, N^ 37. O and 
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and the other will be the centre 
arch. The fmaller an arch is, the fmaller is its 
verfed fine j and confequetitly alfb its mean lever, 
part of this fine, and reciprocally. It remains to 
lee according to what proportion the mean lever 
is part of the verfed fine. 

A mean lever among many fmail, and many 
great ones, will be as much greater, as the num- 
ber of the fmail fhall be lefe, in proportion to that 



of the great ones. 



Now in confidering the difFc- 



rcnc arches of a circle with their cords, we fee evi- 
dently, that the greater an arch is» the lefe is the 
numberof thefe fmall levers, and the larger is the 
number of the great ones. Therefore, the larger an 
arch is, the greater is its mean leverj and is iels ex- 
ceeded by the verfed fint ; that is to (ay, it is a, 
greater pare of this fine.The mean leverof thefemi- 
circumference, for example, will be a greater part 
of the radius^ which is then the verfed fine, than 
the mean lever of any other arches left than 1 80, 
compared in like manner to its verfed iine^ 

The greater an arch is, the greater it is ip pro- 
portion to its cord, which appears manifeftly in 
this, that an infinitely fmall arch is equal to its 
cord i and ihat therefore the arch of 600, wliich 
has the femi-diameter for a cord, is not fo great 
in proportion to this femi-diameter, as the arch of 
iSo i or the fe mi- circumference, in proportion 10 
the diameter % for thefe two terms are fufficicnt to 
fftablifli the fpecies of the progrefTion. Therefore 
the greater an arch is in proportion to its cord, by 
fo much is the mcim lever of an arch, a greater 
part of its verfed fine. 

The greater part of its verfed fine, the mean 
lever of an arch is, the more does the centre of 
gravity of the arch approach to the centre ot the 
circle, or which is the fame thing, the more docs 
(he diftance oi thefe two centres diminifli j and ic 

is 



Royal Academy qJ Sciences, 99 

is the fmaller in proportion to the radius. There- 
[fore the greater an arch is in proportion to its 
jrdir the greater is the radius in proportion to the 
Id (fiance from the centre of the circle, to the cen- 
Itre of gravity of this arch j and it is this exadt 
tproportion which is determined by geometry. Wc 
[lee by this, that the diftance of the centres of gra- 
I vity of the arches, from the centre of the circle, 

raries according to the proportion of the arches 
'to tlie cords which is continual ty unequal. 

It is eafy to imagine what is the centre of gra- 
1 vity of a circular feftor. We may conceive them 
.divided into circular zones, which will aft with 

relation to the centre of the circle, by greater 
.or lefs levers, according as they fliatl be more or 
ijefsdiftant from this centre. They will have a 
[meati lever* of which the extremity that fiiall be 
[•within the circle, will be the centre of gravity of 

the lector. It isdcmonftrated, that after we Ihall 
{have determined the centre of gravity of the arch 
(of this feclor, if we take f of the diftance from 
le centre of the circle to this centre, it is there 

that the centre of gravity of the circular fedor is. 

Since the centre of gravity of a feftor depends 
[upon that of the arcb^ the ihme confcquenccs re- 

:ur, the greater a fedtor fhall be, the more will 
pits centre of gravity approach to the centre of the 

:ircle ', and that ia the lame proportion, accord- 

jing to which, a greater arch exceeds its cord, 
"hcrefore if a power a^ upon a feftor which has 

lie centre of the circle for a fixed and immovable 

)oint, and if the whole aftion re- unites in the 
Centre of gravity of this feftor, the power will aft 

by A Jever, as much lliorter as the feftor fhall be 

greater i the fame mutt be faid of elliptical 

k^ors, as of circalar, lince their centre of gra- 



ity is the fame. 
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To calculate tlie foree of the wind upon one fail 
of a mill, which fhould be an elliptic fcdor, M. 
Parent has therefore been obliged to determine 
what this feftor is, becaufe of the variation of the 
centres of gravity -, or which is the fame thing, 
oi the levers of the wind. He at fe-ft took a 
feftor which was ^ of the ellipfisi and confe- 
quently has aliowed to the tnili 4 fails, which 
would receive all the wind, and not loofe any of 
It, 3S the con:imon tails do. Thefe 4 large fur- 
faces fBuUipiied by the lever of the wind upon 
ope of thenij exprcfs the whole force of the wind 
to make ihe machine move, or the force of the 
roachine pun in motion. 

The fame manner of reafuning applied to acom- 
nyovk wind-milJ» the fails of which are reftangu- 
iar, and the height about 5 times greater than 
tl^eir breadth, ihcws chat the elliptic mill has al- 
moft 7 times more power, which is a prodigious 
advantage,, and certainly deiervcs to have the com- 
raon praiflice entirely changed for it, were it but 
eafy to change fo common a praidice. One would 
not have ex peeled that the theory could have 
dilcovered lo great an error in an eftablifhed 
cuik)m ', but it is true that elliptical fails would 
npt eafily at prefent clicmfclv-es to the mind of tiie 
firft inventers. 

A mill witli 6 elliptic fails would ftill be better 
for the power, than' one witji 4. It would have 
only the fame furface, fince thefe 6 l;iils wotild^ 
contain the whole fpaoe of the eUipJISy as well a^s 
the 4 of the other, but its force would be greater 
almoft in the r^ttio of 245, to 231. The reafon 
of this augmentaiion is vifible. A feAor that i» 
I of a circlej is. lefs than that which is ^ ; and 
confcquently the wind adis upon the firft by a 
longer lever. 

As 
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As the difference of 2+5, to 2jr, is trifling | 
aad as befidea the wind might be hindered in fix 
fails, and be rcflefted from one to the other, 
in fuch a inanner as wouJd trouble their mo- 
tion, 1 believe we had better keep to the mill wich 
4 elliptical fails. 

If wc would have it with two, each of which 
£bould be a femi-eUiffis^ we Aould find the fame 
furface alfo i but the force would be diminifhed at- 
moft y with relation to the mill with 6 fails, be- 
caufe the greatnels of the fedora would very mach 
ihorten the lever of the wind. 

EJIipticai fails to a mill would be fomething fo 
new, that the common ufe of them would hardly 
be adopted. Thus M. Parent thought he ought 
to fearch for the nioft advantageous reftangular 
ones, thac is, thofe where the produ(ft of thcif 
furface, by the lever of the wind, would be the 
grcaiell. Every body knows, that the centre of 
gravity of a reftangle is Its middle point, and 
confequently the lever of the wind is the diftance 
of thtspoiac from the centre of the axis, 

M. Fareni infcribes in the elliptical fail of a 
mill with 4 fails, a rectangle of which he does noc 
daerminc the dimenfions, and which confequently 
reprcfents ail that can be infcribed there, after 
which, the geometrical rules de maximis ££? mini- 
ms, determine this redangle to be the moft ad- 
vantageous of all. That which comes by this 
means, is yet very different from- the common ufe. 
The breadth of the rectangular lliil muft be al- 
moft double its height or lengthy whereas the 
hei2;ht is commonly almoft 5 times greater than 
the breadih. We fee alfo, that fince we call height, 
or length, the dimenfion that is taken from the 
centre of the mis, the greatefl dimenfion of th& 
new redtangqiar fail, will be turned on the fide. 

pf 
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c^this axis, quite contrary to the pofiiion of the 
cdd fails. They have been miftakcn in aiJ this 
to a ftrange excefs. 

The force of a mill with 4 elliptic fails, woulc 
be to that of a mill with 4 new reiflangular fails, 
pretty near, as 23 to 13, which always prefervcs.)! 
a great advantage to the elliptic mills. 

If we cornpare together mills with two, w'lthfi 
four, and with fix, new rcdlangular fails, and the !■ 
moft advantageous that can be, luppofing this 
number of fails, and always infcribed in the cor- 
irefponding elliptic fc6tors, we fee that tholej 
■which have fcweft fails, have mofl. fur face, and 
lleafl: force. The force diminilhes becaufe the 
] height which increafes brings the rectangles nearer ^ 
[to the centre of the axis, and confequently alfoy 
'their centres of gravity, and fhortens the level 
[of the wind, according to a greater proportior 
than the furface incrcafes. The force of the m\\U 
[vf\th 6 fails, is to that of the mill with 4, much^ 
as 14 to 13, which perhaps ought not to binder 
the mill with 4, frooi being prefered» bccaufe of 
it3. greater fimplicity. Its force with relation to 
that of the miJl with 2 fiils is almoft as 1 3 to 9. 

After this it is caJy to calculate the farce of the 
coinmon mill^ where we mull fuppofe the height 
of the fail always much greater than the breadth. 
But in this fuppofition, whatfoever proportion the 
breadth has to the heigh;, let it be 4, 4, or fjwefind 
always the force of the mill much fmaller than if 
ii had the new rcdlangular fails, and much more 
ii they had eJliptical ones. And alio the force of 
the common mill continues to di mi nifh, )uft as its 
lails are fmalier in proportion to its height, fo 
that the weakeft of all thofc we have marked^ is^ 
tJut where this breadth is f of the height, and 

yet 
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yet this is the moft ufed'; fo oBftinate does the 
common practice feem in being miftaken. 

The u^ulneis of all this theory of M. Parenth 

-is cafily perceived. A ftronger mill will turn 

fader, and with a lefs wind, and will difpatch 

more work. In a low place, and where for want 

of wind it would he ufelefs to conftrud an old 

mill whidi would be too weak, they may con- 

ftrufb a new one. We fhall have, if we pleafe, a 

mill of a lefs height of (ail, which, nevertheleis will 

be equal in force to an old one ; and we (hall 

know exactly how much we fhall lower its fail ; 

prefenring this equality. When we fhall know 

the effeft that is required to the mill, that is the 

f(N*ce that we would give it, in pounds, it will 

be eafy to find by calculation the number of fails, 

their figure, proportion, and even the varieties, 

and di&rent combinations, that thefe things may 

have always the fame effect. The trouble of 

difcovering the true principle is always rewarded 

by a great number of eafy confequences. 

XI. On the manner in which feveral Jbrts 
of Jhell-Jijbes f aft en themjehes to certain 
Dodies. 

In treating of the progrefTive motion of feveral 
kind of fhell-fifli, in the hiftory of 1710*, we 
have fpoken of the almoft perpetual immobility of 
fomcof themj for we cannot treat of their pro- 
gteffive motion without faying that the greateft 
part of them have hardly any i and in this refpe^t 
partake more of plants, than of animals. There 
are even fome which abfolutely never ftir from the 
place where (if I may ufe the expreffion) they 

• Vol. III. page 321 of this abridgment. 

have 
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hitve taken root- We are at prcfent going to tx- 
pliiin thjeif immobiliiy according to M. da Reau- 
mur, the author of all thefe obfervations. 

T\\tp<itdk\ or limpet*, fixes itfelf by a very- 
flat bafe to ilones, and even very fraooth ones 5 
and 13 faftencd there fo ftrongly, that being puc 
in a fixation where this bafe and the ftone were 
vertical, it required a weight of 28 or 30 lb, to 
make it let go. We muft obferve that this bafe, 
■which is elliptical, has but one inch in its greateft 
diameter. From whence can tliis great ftrength 
proceed? it is not very probable, feeing the 
fmodthnefs of the two bodies, that the bafe of the 
limpeti how nnufcular foever, ftiould hz fufliciently 
inferted into the imperceptible inequalities of the 
ftone \ and indeed this infcrtion would not have 
any great effeiS in the vertical fituation. Befides, 
M. de Reaumur is affured by decifive experiments^ 
that this fhell-fifli, fattens itfelf fo ftrongly to the 
ftpne, by the means of a glue which proceeds from 
it i and that the action of the mufcks of ita bafcj 
J which we might add thereto, has no (hare in it. 
.v.This glue is yet more remarkable in the fea- 
nettles*, which are not lefs clolely fixed to the 
Aones. Thefe animals are neither covered with 
icales nor Ihel!s, and their ikin is not a membrane, 
or texture of folid tibres ; it is only a covering of 
glew, which diflglves very loon in fpirit of wine, 
whilil the reft of the body of the animal remains 
entire, and without alteration. 

The 1520 lejgs of the ftar-fifh* do not Icem 
to be given it lo much for walking, as for not 
walking. They are very fofr, and ferve it to ftick 
to the neighbouring bodies, in fuch a manner, that 

• Vol. III. page 3 21 of this abridgment. 
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if one had a mind to diiengage it from them, we 
ihodd only break them. 

The iea-mufdes have a much more fingular 
manner of faftening themfeives. They throw out 
ibme t]ireads of the bigncfs of a thick hair, ac 
moft about 3 inches long, and fometimcs to the 
number of 1 50, with which they fcize all that 
furrounds them, and generally the Ihells of other 
mufcles. They are thrown on all fides % and they 
hold by them, as by cords of different diretftions. 
M. Je Reaumur has not only ffcn that they fpin 
them, and that when they have been cut o&\ that 
they have fpun odiei^ i but he hiis difcovered the 
curious particulars of the mechanifm that they 
make ufe of. 

Thepin»<£ marhmy another fort of fhell-fifli, fix 
themfeives alfo in another fituation, by threads 
much finer than thofe of the mulclcs, but in a 
much greater number j there are fine works made 
of them, whereas thofe of the niufclc arc good for 
nothing. Thereareno/i/«»^ rMi7ri«df on the coafts 
of Poiliou^ where M. de Reaumur has obferved \ 
bat it is a ftrong prefumption that they fpin alfo. 
Thefc will be the fi:k worms of the fea, and the 
mufcles will be the caterpillars, 

Laftly, the worms which are commonly called 
worm-fhells, becaufe being otherwife pretty like 
the earth-worms, they are inclofed in a round 
tube, of the fubftance of a Ihell, make ihcmfelvei 
a habitation which they never quit, by tixing 
their tube on a ftone, or hard fand, or fome other 
niells. This tube exatlly follows the circumvo- 
lutions of the furface where it is glued, rifes, or 
fioks with it, ^c. Ii winds alfo without being 
obliged to it by this furface ; and becaufc it feeros 
to have followed the natural motion of the worm. 
All this explains itfclf in M. de Reaumm*^ fyftem. 

Vol IV- N*^. 37. F who 
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who pretends that this tube, as well as the flieltsof 
the fnails, is formed of a glutinous matter whicli^ 
Comes out of the body of rhis little animal. 

Another fort offea-worms^ which probably trap- 
fpire iefsof this matter, make their tube only of 
grains of fmall fand, and little fragments of other 
fliells which they unite together by their glue 
and this little building of pieces brought together^^ 
is however neatly enough made. 

It is by means of this very glue, that the oyfters^ 
ftick themfelves to the rocks, or to one another} 
and laftly, this is the univeriiil cement which na- 
ture ufes whenever fhe has a mind to build in the 
fea, or to fecure any thing there againft the per- 
petual and violent motion of the waters, Th< 
tnoft fimple means properly employed are th< 
moft efficacious. 

Jn explantttion of the figures. 

Plate U. fg. I. reprefents a paieih, calJed m 
Englijht a limpet^ flit her ^ or fapfliell^ feltcned to 
a ftone. It ftiews only the (lie II which covers it. 
The letters BBB mark the ciirumfcrence of the 
bafe of this fhell •, S is its vertex. There are dif- 
ferent flutings which go from the veriex S lo the 
bafc. 

Fig, 2. is a /;w^f^ detached from the ftone, and 
put into a reverfed pofition T j is the head of the 
animal \ CC are two horns placed near the head j 
P is the flefhy bafe of the animal, it is this bafc 
P that is applied to ihe ftones, and flicks to them. 
Its furface feems rugged, and as it were ihagreen- 
cd. All thefe inequalities are formed by an infi- 
nite number of different little veficlcs. 

Fig, 3. is a fea-mufcle reprefented open. The 
mafclcMM,which ferves to fliut the fhell, has been 
cue. 

AB 
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IB is a part of the mufde which refcmbles the 
„_ jue of an animal. Jr is the inftrumcnc that 
moulds the threads formed by the animal. A a 
the origin, bafe, or coot of this inftrumcnt. B is 
its point, or extremity. 

AI is a Itreak, or rather cleft, of which the 
two rdges arc applied to each other, and it forms 
a canal on the infide. This cleft divides the fpin- 
ing inftnimcDt into two equal parts. From A to 
I wc mull: obferve fome circular, or rather trani- 
verfe fibres : they ccafe in I. 

AF is a part of the bundle of threads which 
ferve to fallen the mufcle j thefe threads have 
been cut at F, that the figure might be lefs con- 
fofed ; and alfo lo rtiew how Ihort they were, when 
WE had cut them with a pair of fciiTars, in-troduccd 
into the fhell on account of this figure 3 ; we 
fhalJ obfcrve* that the mouth of the mufcle is ait C j 
it is formed of two pretty thin membranes, whicTh 
ieciTi to be applied to each other. Wc do not fee 
this mouth open, unlefs we take care to open it: 
its breadth is HH. This mouth is a fort of fun* 
nel, very much flatted, and terminates in a du£t, 
which reaches quite to the anus. It is nouriflied 
in ali probability only by the water and earth t 
its excrements are of the colour of the mud. 

Fi^. 4. is a mufcle, which having prolonged 
its fpinning inftrument* marked at prcfent L.I, 
feels about to find the ground before it fixes iifcl£ 
This inflrrument appears under a very different 
kum from that which it has in the inadtlonj as 
may be fecn at AB, fg. 3. 

V V V arc tai/uii vermkulam^ or worm-Jhellsi 
ituck upon ilie fhell of a mufcle, Thcle worms 
Iffcrcnt 
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lionet, fand, and other forts of fht:ll. 
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Fig 5. is compofed of i. a mufcle G, which 

lis fattened to a ftonc by difFerent threads, DDD;' 
^€. The bafe DD of the(e threads^ is three or 
four times more in diameter, than the reft of the j 
thread. Wc lee at G a tittle end of the tendon, on 

[big thread, to which ail the flendertft threads arc' 
faft'ened. 2. In Jig. 5. thereis a muicle N, whichtl 

[after having darted the 2 threads NQ, NQ, a£lu-l 
ally darts a third NT. T is the place where the< 
end of this thread ought to be fluck. We may 

^obferve, that the fpinning iDftrument is thicken 
there than towards the point } and that it forms a 

;fortof heel. 

Fig. 6. is the half of a mufcle, where the Tpin- 

mng inftrument is however left entire. We fee 

'there two of the four mufcular ligaments, which ' 

' hold it. RS is one of thofe which faften it toward'! 
the vertex at S. ZX is one of thofe which faftent 

\ it coward the bafe at Z. 

Fig. J. is a fpinning inftrument detached. KP** 
is the cleft, or canal, in which the liquor whichi 
iaecomes thread, pafles. This canal ceafes at P,j 
the part PO^ where it does not reach, is thinnei 
than the reft of the bafe. At the root K of tl 
fpinning inftrument there appears a hole K, which'1 
is the reiervoir, wherein the liquor is gathered that^ 
rifes in the fpinning inftrument, in the fame holcj 
K is lodged one of the ends of the tendon, or btg-'l 
thread ot Jig, 5. to which all the flender thread* 
are faftened. 

Fig. 8. is the fpinning inftrument feen behinc^.j 
There are two pieces of mufcular ligaments MM^I 
which ferve to faften it, Thcfc pieces are parts of 

■the ligaments, fuch as the ligament marked ZR, 
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Fig, 9, AB is the tendon, or big thread, to 
wJiicH 3^1 the reft are faftencd, as the figure re- 
prefcnts. In feveral mufcles it is much fhortcr 
than it appears here \ but there are fome where it 
is bigger. Its extremity A is faftcned in the 
hole K of /^. 7- or as it is feen at h^fig. 3. AU 
the threadSj, which the mufcles have formed with 
me, were faftened near Aj which inclines me to 
believe that this tendon, or big thread, grows like 
our hairs s and th^t the flender threads, which at 
firft were faftcned at A^ are faftened at B by the 
crolling of big threads. 

Fig, 1 o, is a mufcle reprefented in the ftate ia 
which it is when it refpires the water, CD is the 
apermre by which it refpires. The canal by 
which it throws out its excrements, opens into tlie 
fame aperture CD. The outlet of this canal, or 
the anui of the mufcle» is at C : the excrements, 
which come out of it, feem 10 be meer earth, a 
fort of mud. They have a fluting thro' their 
whole length ; I mean that they are made as a por- 
tion of a hollow tube. Thence it is evident, that 
the canal by which they are diicharged, or at leaft 
the aperture thro' which they pals, is not round as 
in other animals, RH is the place, or fpring, 
which ferves to open the (hell, EE are an infi- 
nite number of little flefliy parts very prettily cut, 
refembling little cocks-combs. The animal Ihcws 
only when it refpires the water, they are feen alfo 
at EE. Fig. 5. the rcfpiration is not flopped 
Tfthile itdaris the thread. 

Fig. II. is one of the pieces of which the ihell 
of a mufcJc is com po fed -, we may obfcrve a little 
band which covers the inricr edge of the fhell. 
This band is of 1 horney kind of fubftance, and is 
faftcned in its n jtural dare to the circumfeitince of 
ihe body of the animal. 

Fig* 
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Fig. 12. is s. ptSiunculuSj or ceok-fifij,, faftehed 
to a ftone by different threads FFF, ihc vertex of 
the fliell is at S 1 on both iides of S, is the fpring 
which ferves to open the Ihell ; for this fhelJ is 
bivalve, like that of the mufcle. There appear 
feveral flutings, which go from the vertex S, to 
the bafe BB. In different parts the fhell is ftuck 
with points ; fo is that point of the flieJl which is 
called the car. 

Fig. 1%, is a cook-fifli reprcfented open. The 
thick mufcle MM, which ferves to fliut ir, has 
been cut. L marks ihe wrjf^;^ of the flieil* and 
the tniddle of the fpring which tends to open the 
fiiell. T and R are two appendage*, which be^ 
ing placed one above the other, form the ear. 
The appendage T is narrower than the appendage 
R, fo that the firil does not entirely cover the fe- 
cond. They do not apply thcmfelvcs fo exactly 
to one another, as not to leave a little opening 
by which a part of the threads came out, which 
are feen in /i'. 12. HG is the fpinning inftm- 
mentof the cook-fifh j GP is the bundle of threads : 
thcfe threads have been cut ftiort at P, for fear of 
rendering the figure con fu fed. They are all 
faftened to a common tendon at P, which is 
faftened to the origin of the fpinning inllru- 
ment. 

Fig. 14. is a cook-fifti rcprefented in fuch a 
poftore as to fliew the canal VX, thro* which the 
excrements of the animal pafs, X is the aperture 
of this canal,' or the anus of the cook-fifh. 

Fig. 15. b a heap of fand, in which a great 
number of werm-lhcUs were lodged. On the up- 
per furface of this heap of land is the oitt-let of 
all their tubes ; and on one of the fides, as at BC, 
may be diftinguiflied, the length, roundncls, and 
curvature of thefe tubes. 

3 f^jr- 
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Fig. 1 6, is one of the fand worm-iliclls, repre- 
fented almoft in its natural bignefs. 

Fig. 17. is the fame worm teen with rhe micro- 
fcope. The extremity ot the head is the flat fur- 
face leen at T. This extremity, the circumference 
of which is round, is fomedmes made like a horfe- 
ihoe, when the animal opens in O. NNN are 
the fins of the worm. HH, II, EE, are three 
rows of little flclhy hooks. Q^ is the tail of the 
worm. 

XII. 0;i a new purp/e, * 

TJierr are t>oc only more things found in thefc 
Jaff ages :haji there have been old ones loft, bur 
there cm hardly be any thing loft that we are not 
contented fhouJd be fo. For in jTiort we need only 
learch in the boJbm of nature, where nothing is 
annihilated % and it is alfo a great ftep toward re- 
covering it to be fore tliat ic may be found. The 
purple colour, formerly lb much in eftecm, that 
it made among the Romans one of the principal 
marks of dignity, either has net been abfolutely- 
loft, as fome think, or at leaft has been recovered 
within thefe 30 years, by the royal fociety of 
England. One of the Iheli-fiflies which fur- 
niftics it, and is a Ipecies of buccinum, or whdk, 
h common on the coafts of that country, 

Anoih^v bmcinum which alfo gives the purple 
tiniture, and which probably is one of thofe which 
Pliny has defcribed, as having that ufe, is found 
upon the coafts of PeiBou^ and M. de Reaumur 
having a mind to ftudy it particularly, difcovered 
another purple which he did not feek for, and 
which in all probability was unknown to the an- 
cients, though of the fame fpecies with theii^. 
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The buccinums of VmUou which yield the pur- 
ple, are commonly found gathered about certain 
ft ones, or fand, covered with oval grains, about 
3 lines long, and a little mor^ than a line thick, 
full of a white liquor, a little yellow, pretty much 
like that which is drawn from the hmcinums them- 
felves, and which after fome alterations, acquires 
the purple colour. By M, di Reaumur's experi- 
ments it is not likely that ihcfe grains are the eggs 
of the buccinum, nor are they the feeds of any fea- 
plants % they mufl; therefore be the eggs of fome 
fifh. They do not begin to appear till autumn. 

Thefe grains crufhed upon a white cloth, at fir ft 
only make an almoft imperceptible yellow, but 
in 3 or 4 minutes they give it a very fine purple 
red, provided that this cloth be cxpofed to the 
open air : for what is very remarkable, and which 
ihews of what extreme delicacy the generation of 
this colour is, the air of a room, even though the 
windows fhould be open, would not be fufficient. 
The tinclure of thele grains fades a little by a great 
many wafliings. 

M. de Reaumur has difcoved by fome experi- 
ments, that the cffed of the air upon the liquor of 
the grains, confifts not in its carrying off fome of 
its particles, nor in giving it new one si but meer- 
ly in agitating ir, :ind changing the order of the 
parts which compofe it- We have in the cochineal 
a very fine red colour, but good only for wool ; and 
is of no ufe, either for filk, or linnen. The car- 
tbamus^ or faff-fiawery gives a fine fcarlet and 
crimfon, but it is only to filk. We may find in cul- 
tivating the grains of M. de Reaumur^ the fine 
red that we want for linnen, which perhaps will 
furpafs the red of the Indian linnen which is not 
fine. 

M. 
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lurpafs the. read of the Indian linnen which is not 
.0iie. 

M. ^ Reaumur has not failed to compare hit 
new purple with that which is drawn fi-om thefe 
huccinums of PoiSlau, The buccinums have at their 
collar, for we may allow them to have, oiie as 
well as the fnails, a little refervoir, called im^ 
properly by the antients, a vein, which only otx^ 
tains one great drop of yellowifh liquor ^ the liiH 
nen .that is dyed with it being expofed to a mode- 
rata heat of the fun, acquires at iirll a greenifli 
colour, afterward a lemon colour, a brighter 
green, then a little deeper, from that a violet, 
and at laft a fine purple. This is done in. a 
few hours ; ,but if the heat of the fun be very 
ftrong, the firft changes are not perceived, and the 
fine |Mirple appears all at. once. A great fire pro- 
duces the fame effcdt, only a little flower, and 
does not produce fo petfeft a colour. Without 
doubt the neat of the fun being much more fubtle 
than that of a wood fire, is mofl proper to agitate 
the fineft particles of the liquor. The open air 
aAs alfo, tho* lefs quick, upon the liquor of the 
Imccinums % efpeciaUy if it is diluted with a good 
deal of water } from whence M. de Reattmur cooi. 
je€h]res, with great probability, that me liquor 
of the buccinumsy and thai: .of the grains, are al* 
fnc^ of the fame nature, except that this of the 
grains is more aqueous. They di£Eer. alio in 
tafte s that of the grains is falc, and that of the 
huccimtm extremely JtiQt,.and, biting, perhaps be- 
cauie it is lefs diluted with water. 

■ If we would make ufe of them in dying, that ot 

the grain would be much more convenient, and 

Wild -cofl: lefs ; becauTe it b very eafy to diaW 

. Vol. IV. N''. 37. CL « 
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K from a great number of grains hruiJfcd all aC 
once -, whereas to have that of the huccinum, we 
muft open the refervoir of each particular buccinufn^ 
which requires a great deal of time ; or if for 
expedition we bruife the fmalleft of ihefe Ihell- 
fi(h, we fiiall fpoil the colour by the mixture of 
difierent matters which the animal fumifties. 

We might find perhaps fome chymicai liquors 
which would make the purple colour appear 
quicker, or more conveniently, than the fire, or 
the fun, or the open air -, and M, de Reuamur has 
already found the corofivc fublimace, which pro- 
duces this eHe^ on the liquor of the buccinumt ; 
bat practice, and above all, a prad:ice which 
Jhould come to make part of a trade, would re- 
quire a great many other obfervations, and quite 
new intentions. There is a vaft difference between 
a philofopher who aims at knowledge, and a me- 
chanic who aims at profit. 
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An explanatioH of thejigurss* 

Plate lUJg, I. reprefents a ftone DHHFEED, 
in which is ieen a great number of thofe Httk 
grains which M. de Reaumur calls eggs of the 
purple, faftened as to an arch againft one of the 
faces of this ftone. This face was downward, but 
it did not touch the fand, GGG, ^c, are different 
places where thefe eggs of the purple are fatten- 
ed. The eggs of" the purple marked EE, are 
ftuck upon other eggSj as the other eggs are ftuck 
upon the ftone. 

Fig,!, is chat of an egg of a purple ; p is its 
bafe, the extremity of its pedicle ; it is this extrc- 
micy that ii'ltuck againft the llone. p r is its pc* 
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jitcle bottle r b 
d d mark the 



purple, 

parts as in 



where 
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<iic)c ; this pedicle p r fuftains a 
(topped at b, with a ftopple b. 
thicknefs df this bottle. 

Fijf. 3. 13 alfo an egg of a 
the fame letters mark rhc fame 
preoediflg figgre J but b Ihews the ftopple looft s 
o the aperture of the bottle in which the ftoppU 
was. 

Fig, 4. is a large rcprefentation of an egg of 
a purple. The letters PRB Ihews ihe fame 
chings as the letters prb in fg. 2 and 3. The 
Jetrers JII fliew the manner in which the diffe- 
rent drops of yellowifh . liquor are diftributed 
in the middle of the clear liquor. As the fides 
of the egg are tranfparent they difcover thele 
different liquors. 

Fig. S' is a Jitdc buccinumy or wbelk ; it fliews 
the aperture of the fhell \ and at the edge of this 
aperture are feveral flutings 0000. 

Fig. 6. is a whelk, the Ihell of which differs 
from the preceding by the coloured ftripes RR. 

Fig. 7- is the fame whelk as jig. 5. which 
fhews its head. T is the head, at the fides of 
which are 2 horns CC. DDDD mark that 
part of the fhfil which covers the collar, or 
upper parr of the back of the animal. This 
part DDDD of the flieli muft be raifed to 
perceive the little veffel wherein the purple dye 
is contained. 

Fig. S. is the fame whelk with fig. 7. with a 
piece of the fhcll DDDD removed, which 
ihews its collar EEEE. Upon this collar, or 
if you pleafe, on the back of the animal, appears 
the little veffel v v. It is in this veffel that the 
purple dye is contained. 
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Fig. 9. is that of die whelk from whk&. 
Columna pretends the purple dye of the an- 
cients was taken. This whelk ufually ihews $. 
horns, the largeft of which C is in the middle 
between the 2 fmaller cc. The fame, whelk 
may be feen in the hiflory of 17 10, with-tha 
groit horn C in a different pofitioh. 
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ABRIDGMENT 

O F TH E 

Philosophical Memoirs of the Roval 
Academy of Sciences at Paris^ for 
the Year 171 1. 

I. ObfervatJms on the height of the water 
which fell at the obfervatory during the 
year 17 10, with thofe on the thermometer 
and barometer^ by M, de la Hire*. 

THESE are the obfervations of the quantity 
of water, and melted fnow, that fell at the 
obfervatory during the whole year of 17 10, which 
have been made in the fame manner with thole of 
the preceding years. In 



Lin, 



Jan. 

Feb. 

March 

April 

May 

June 



July 
Aug. 
Sept. 

oa. 

Novem. 
Dec. 



The fum total of water of the whole year, 188 
Jnes ^j or 15 inches 8 lines \. 

Thefe obfervations ihew us that the year 1710 
has been one of the drieilt that we haVe had a great 
while, in comparifon to the 19 inches of water 
which commonly falls. The year however has 
been very fruitful in grain, as it always happens in 

• Jan, 9, 171 1. , 

thele 
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theft countries, becaufe the grcateft part -of tht 
grounds are cool and mo'ft". 

There fell no fnow at the end of the year, buc 

at the begining of it, alDout the middle ofjanu- 

tfry, it fhowed moderately -, which gave me the 

opportunity of making the following experiments, 

Tlie loih oi January in the morning! covered 

the ball of my thermometer, which is always ex- 

pofed in the open tower of the obfervatory, w.th a 

very great quantity of fnow, and after having 

left it there full 3 hours, I did hot obferve 

that the fpirit of wint had changed its height 

in the tube; it then remained at 27 parts, 

and it begins to freeze in the country when it is 

it 32, by which we fee that the air was not much 

colder, that in the beginning of the froil -, ind 

' altho* the thermometer always rifcs from the mom* 

ing *til] noon, and afterwards it does not chingfe 

its height for 3 hours, becaufe the degree of cold 

of the fnow kept it always in the fame ftate, 

the fmall increafe of heat of the air, not being 

capable of penetrating in (o fhort a time, the 

mais of fnow which was about the ball. 

But the air being extremely Cool till the next 
day, the nth of this month, this thermometer 
being then at 14 j parts, which marked a great 
cold, I repealed the experiment of the preceding 
day, and there happened the fame thing, the ther- 
mometer remaining at the fame height, Jh the 
fnow as it was out of it j frotn whence I conjec- 
ture that the cold of the fnow is not a cold thai is 
proper to it, but that it only takes the degree of 
cold of the air as it then is. becaufe it is rare <s 
nough to leave the air at liberty to infinuate ic- 
felf by degrees into all its pans ; thus the fnow 
will contribute nothing to the cold, except il\t pre- 
fer virg 
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ferving thecoldnefs of the air for fome time in the 
lame ftace. 

There was not any thing conCdcrable to remark 
upon the winds, except clmi O^So^^r nth, there 
was a fore of hurricane, the wind being at S. S. W. 
without rain> 

The thermometer marked the greatefl: cold of 
rficyear, January the iith^ being fallen to 14! 
parts^ which marks a great cold j but the 12th 
it rofe again to 27, where it was the 10th and 
&onn that time the cold was moderate. 

As for the heat, it was alfo moderate during tho 
whole fummer, the greareft was mark*d by the 
therraoraqtcr at 6 1 parts the ^d o\'AuguJI at fun-rife, 
and at 2'' j P.M. the thermonieter was at 7 1 j 
parts; thus the cold was greater than the heat, 
in proportion to the mean ftate, where it is at 4S, 
but it lafted only one day, £ts I have ju(t related. 

My cornmon barometer which is. always placed 
at the top of ilie hall of the obfervaLory, was at 
the higheft at 28 inches 5 lines % January the gd, 
with a S, W. which is very extraordinary, for it 
ii commonly rather low thjinhigh, when the wind- 
is- in the foQth. It was at the lowell, March thc' 
7th, at 7.6 inches, 10 lines f, alio with a fourh- 
wind,.and rain. ThcdiRerence between the high- 
eft and the Joweft was therefore i inch, 4 lines \ a 
Iktle lefs than ordinary, which is i inch 6 lines, 

I alfo obferved that in the whole month of Feb" 
ruary, when ft rained but very little, the baro- 
nieter was very high as it commonly is ; it was al- 
fo the fame in the firtthalf of the month of 5fp- 

I here again give notice, that when the obfer- 
vationt are made, they fhould take care to ftrikc 
a little again ft the wooden frame, where the tube 

is 
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•s fixed, to make ihe quickfiJver run to its true 
height ■, for as it always adheres a Jittlc to the j 
infide of the tube, it does not move freely, and 
fometimes there is found j a line difference be- 
tween the height at which it appears to be at firft, 
and the true height where it ftops at, efpecially if 
the tube be thin. 

December 30, I obferved the declination of the 
needle of 8 inches long, in placing the fide of the 
box againfl: the fame ftone pillar where I gene- 
ally put it, and I found it 10* 50' towards the 
weft. 



IL A comparifin of our ohfervatkns on the 
height of the rain-'waterj and on the ba- 
rometer^ which tbofe which M. Scheuchzer 
made at Zurickj in Swizzerland, during 
the year 1710, by'M.. dela Hiret|', 

M, Scheuchzer has fent us this yearhisobfervati- 
onsof the rain water, and of the barometer and ther- 
momeCer^ which he has made at ZurUk^ as in the 
year 1709. He found the height of water only 
2j inches i, during the whole year J 7 10, 
and he adds that it is lefs than the preceeding year, 
by 9 inches 2 lines \, and yet this little height is 
greater than any of the greateft that we have 
obferved at Paris fi nee the yeur 1699, 

I have related in the memoir of the preceding 
year, my conjed:ures upon what may caufe this 
greater height of water in the mountains, and 
therefore I ftiall fay no more of them here. Wc 
Ihall only obferve that the height of the rain-, 
water ^t Paris in 1710, was only 15 inches, and 

t Au£. J. 1711. 
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almoft Q lines, which is much lefs than brdinaryi 
and Jds than the prtceding year by 6 inches j 
which agrees in fome meaiure with M. Scheuchz^rH 
obferv^ations ; and (hews that at ZuricK and at 
PariSy the year has been dryer than ordinary, 
' He adds, that the greateft height of his baro- 
meter was Jan, 3, at 26 inches, 9 lines :*;, and 
ihe leaft at 26 inches, o lines |, Dec. the 25 5 the 
difference is therefore 9 lines 5. 
- I found my barometer alfo at the higheft the 
c^d of Jan, at 28 inches, 3 Hncs -| ; therefore 
the difference of the height of the quickfilver the 
fame day at Zur'tck^ and at Paris^ was t inch, 
5 lines Ai or 1 7 lines r^ i from whence we might 
conclude pretty near, how much higher Zurich. 
i£ thin Parhf if our barometers agrt-ed. 

The leaft height of quickfilver which I found,> 
was 26 inches, 10 lines ^; therefore the diffe- 
rence of our Icaft heights will be 10 lines f, which 
is very different from the preceding v the days 
were alfo very different-, and the i^ih of De^l 
which was the day of the obfervation at Zurkk^ 
my barometer was at 27 inches. 

As for the heightsof his thermometer, I can- 
not compare them with mine, for they mult have' 
been reftified by one another. 



III. Experiments to know whether thejirmgth 

^ of cords exceeds the fum of the forces of ihe 
C threads which compofe them^ ky M. 6e 
W Reaumur*. 
CO! 



We are prejudiced in believing, that a cord 
compofed of different threads twifted together, 
has a force which furpaflcs the fum of the forces 
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of all the threads which compoft it. I mean 
that if, for example, wc make a cord with 6 
threads, each of which will bear a weight of 5lbfc 
without breaking, it is generally thought, that 
that the cord made with thefe 6 threads, will bear 
a weight above 30 lb. feveral learned men are 
agreed with the vulgar in this, as I had the op- 
portunity of feeing, by the objeftions which were 
made to me by fome of the moft illuflrious pcr^ 
fons of the academy, upon a pafiTage in the me^ 
moir where I examined the filk of fpidcrs. Thia 
paflage treated of the ftrength of the filaments of 
Clk. A fkilfui geometrician pretended even to 
have the demonftration of the proportion, in 
which the twifting is convenient ; and I fliall 
often have occafion hereafter for the proportion, 
in which the twifting increafes the ftrength of the 
cord above the fum of the forc^ of all its 
threads. 

It feemed to me on the contrary » that it was 
without having examined tl;e thing clofc enough, 
that it has been imagined that lie twifting in- 
creales the ftrength of cords, that every thing be- 
ing well confidered, we ftiall find perhaps* that 
far from increafing, it ditiiiniflies iij and thac 
this is one of thofe phyfica! problems which can* 
not be refolved but by phyfical experiments. Be- 
5des I rhought it would be of fome ufe to mecha- 
nicks to endeavour to refolve them. We might 
often expofe the cords that we make ufe of, to be 
brbken, if we Hiould reckon too much upon 
their ftrength. 

All that they do in making of cords, or in 
twifting the threads about one another, is to put 
them all in a ftate of contributing fomething to 
(ttftain the force, or the weight that is made to adt 

a^inlt 

to 
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againft this cord ; and ai the fame time to difpofe 
each thread in fuch a manner, that it Is eafier to 
break it, than to make it flip, or to difengage it 
from thofe which furround ir. It is this which 
gives the facilitir of making very long cords with 
very ihort threads^ as we fee in the cords of hemp, 
flax, wool, and filk, for we may look upon 
the ftlamentfi of filk, and woo! which they 
commonly mal-ce ufe of, as little cords s eacK 
tliread being preiTed again ft thofe that furround it, 
and being twilled with thefe threads, oppofts by 
n% fi-iiftion fuch a refiftance to the force which 
draws it, that it is more difficult for this force to 
overcome the refiftance of the fridion, th^n ta 
break the the thread. 

Bat does it follow from this difpofition of the 
threads, that the Turn of their forces is fmaller qr 
greater, thm the forces of the cords are ? It is not 
poflible to decide this by reafoning alone, "We 
lee plainly that in twifting feveral threads together, 
we fhorcen each thread, and that the cord gains in 
thicknefs, what each lofes in length ; if we regard 
the cord only on that fide, it is evident that its force 
isincreafed. For every thing clfe bnng equa', 
the thickefb cords arc the ftrongcft. If for exam- 
ple we make a cord by twifting 5 threads about 
one another, and that the twifting Oiortcns each 
thread j , it is evident that the thicknefs of the 
cord gains \ by which the length of ihe threads ;jre 
diminiflied -, from whence ic feems evident, that 
the ftrength of this muft be equal to the fum 
of the forces that 6 threads would fuftain fepa- 

rately. 

There is alfo another way, in which the twift- 
ing feems to augment the ftrength of the cord \ 
it \% becaufe the weight, which draws the cord, 
draws each thiitid obliquely \ fo that one part 0I 

R a thii 
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this weight is employed to pre6 thefe threads one. 
againftthe other,;; being each !efs drawn accord** 
iog to their length, the cord which they compofy 
might be in a ftate of refifting a greater effort^ 
Uian.that which all the threads thatcompofe it cai^ 
fuftain, when they are drawn perpendicularly, 

Thefe are the favourable fides on which we can 
view the twifting; but on other fides we ftiall 
i[ee that it weakens the force of the cords, if we 
would endeavour that in order to a cord*s having a 
force equal to the fum of the forces of the threads 
•which conipofe iCr^he weight fattened to CBe of its 
extremities, iliould a*^ againfl each thread only in 
proportion to the force of this thread. For if the 
weakeft threads are charged as much as the ftrong- 
eft, or if fome threads of equal ftrength are much 
more charged than others, they will break, and 
1' the weight will fall upon the threads, which before 
were the leaft charged. Now the weight that 
(draws a cordj draws each thread that compofes ir» 
more or lefs^ in proportion as this thread is more 
or lefs ftretched, and more or lefs thick ; and in 
twilling thefe threads it is impofljble to difpofc 
them in fuch a manner, that the weakeft J^ould 
bckfsftretched than the others; fometimesthethic* 
keftare the weakeft j each thread therefore does not 
contribute in proportion to its ftrength to fupport 
the weight; and if for example, in a cord compC' 
fed of 6 threads there are 4 which contribute only 
half their ftrength to fuftain the weight, the cord 
muft be only confiJcred as if it was compoled of 
4 threads. 

Bcfides (ince in twilling the threads, they arc 
ft retched I it is plain that the iwifting.is equi* 
valcnt to a weight which would draw each thread, 
and to a weight greater or lefs according as the 
tenfion that it produces is greater or lefs j . that is* 

the 
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the more ihis thread is ft retched, the lefs it is ift. 
a ftate co fuftain a weight equal to that which, 
it would fuftain naturally. The twifting alone 
h fufficjent fometimes to break, the thread^» as we 
find by experiment, when we fee them too hard 
twifted. 

- The fame twifting, which increafes the ftrength 
of the cords in fome places, diminifhes it in others. 
Bat does the incrcafe furpafs the diminution ? 
here geometry has no effeft any further than wc 
make arbitrary fuppolitsons, which confcqucntfy 
determines nothing : we cannot know whether a- 
mong thefe fuppofitions we have chofen thofc 
which are conformable to the effefts of nature; 
we muft therefore here, as in all other philofophi- 
cal doubts, have recoarfe to experiments i thofc 
under confideration are (implc and eafy to execute. 
I fliall relate exadly a part of thofe that 1 have 
made ; they will teach us what we are to think of 
th? increafe of the ftrength of cords, above that of 
the fum of their threads. 

Exp, I. I rook a bottom of white thread, 
h aJi is commonly ufed, and having cut off a 
eat piece of it, I fixed at one end different weights, 
Jrom I pound to lo; ihts bit of thread failained 
9 pound I without breaking, and it broke whea 
1 had fixed to it a weight of lo pound. It 
was therefore evident that each of the two parts 
which remained after the divifion of this thread, 
could at Jeaft bear a weight ot 9 j- pounds, fince 
ihey had already fuftained it without breaking. I 
afterwards doubled the longcft of thefe ends of 
thread, and twifting the two pcices together, 
of which this ihreiid confifted, I formed a little 
cord compofcd ol two threads, each of which was 
able to bear pound j-, confequently if the 
iwifting had mcreafcd the ll length of the cord, 
E above 
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above the fum of the ftrength of the threads whrclv 
CJOmpofe it, this cord ought to have bom above 
19 pound ; it was very well twifted wlthoLic being 
too mtich fo. Nevetrhelefs this cord bix)ke when 
I had fufpended a weight of 16 pound to it, and 
it only fuftained 15 pounds f without breaking % 
fo far from its ftrength being increafed by the twif- 
tir^» it was diminifhed about |. 

Exp. 11. I afterwards fixed a weight of 6 pounds 
|» to another thread taken from the fame bottom, 
k fuftained it without breaking, and brokt with f 
pound, 1 alio fixed feveral weights to 2 other 
threads the firft of which refifted a Wgbt of t 
pounds, and broke at 8 pounds {■, and the fecond 
fuftained S pounds |, and broke ac 9. I took 
the longeft end of each of thefe 3 threads, and 
twifted them into a fmall cord of three threads: 
the fum of the forces of thefe three threads wni 
at leaft capable of fuftalning a weight of 23 pounds. 
The cord ncverthelefs broke when it was charged 
with 17 pounds 4, the twifting has therefore con- 
iiderably weakened it, 

Estp. Ill, Having likewlfe taken 4, bits of 

thread, and knowing by the experiments, that the 

firft could fuftain 8 pounds I, and that ir broke 

with g J that the fecond could fuftain 6 pounds f, 

dnd broke wirh j^ and that the other two had borit 

J pounds, and broke with y \\ I made a cord b^ 

twifting thefe 4 threads, I knew by the experi- 

■fnents juft mentioned, that the fum of the forces of 

[thefe threads could at kaft fuibiin a weight of 2< 

[pounds i I therefore eaftly knew that the ftrengtl 

of this cord was lefs thin dint of the fum of th< 

threads, when I faw it break after having hung t( 

it a weight of 2 1 pounds |. 

Ex^^. IV. To confirm the preceding expert - 
iWents, I made a new cord as above comppfcd of 
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5 threads* 4 of which had born 7 pounds, and 
broke mih 7 pounds and i i aod the fifth had 
born 6 pounds, and broke w'uh 6 pounds | v the 
film of the ftrengtb of thefe threads was therefore 
at Jeaft 23 pounds ; the cord however broke after 
having for fomc tirfle fuftaincd a weight of 22 
pounds. As I koew by the preceding experi- 
ments, and by feveral others which I do not think 
it neceffary to relate, that the thread which I made 
ufe of, had in the weakeft places fufficient ftrength 
to fuftain a weight of 6 pounds, and that it was of- 
ten ftrong enough to fuftain 9 pound ; I thoLight 
It right to make my calculations^ without examin- 
ing any more the ftrength of the thread which I 
ufed, and that when I fhould find that the ftrejigth 
of the cord iTiouId he Icfs than thiU of the fum 
of the threads, by confidering them as not being 
able each of them to fuftain above 6 pounda, 
that I iliotild not run any rifquc of being miftaken, 
fince I had never found the ftrength of thefe threads 
leis, and that 1 had commonly found them greater. 
i therefore again made different cords with the 
fame thread, becaute we cannot too often repeat 
tiie experiments, befo're we conclude any thing 
from them, 

Exp.V, I made a cord with 5 direads ; it 
ought at leaft to have fuftained ^6 pounds if the 
ftrength had been equal to that of the fum of the 
threads, and this cord broke with a weight of 3 1 
pounds. 

£xp. VI, A cord of 10 threads very well twif^ 
ted, which fhould at leaft have fuftaincd 60 pounds, 
if its force hid not been leis than that of the fum of 
die threads, broke being charged with 50 
pounds. 

Exp, VIE. Having made a cord by doubling 
the longeft of the ew-o onds, which I had left of tha 

pre- 
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preceding cord as it wascompofed of lo threads ; 
we fee that I made a cord of 20 threads, which 
could not carry Icfs than 120 pounds, without be- 
ing much weaker than the lum of the threads, 
and lefs than 100 if its ftrcngch was not dim i- 
niilied by the laft twifting. A weight of 80 
pounds broke this cord ; its ftrength was therefore 
diminiftied by the laft twifting, 

Exp, VI I L Another cord made of 2 8 threads, 
which would at leaft have born 16S pounds, if 
the twifting had nocdiminiflied the ftrength of the 
cord, was broken by a weight of S 2 pounds j 
I made icveral other experiments, which had the 
iame fuccefe, and which it would be to no purpclc 
to relate ; However that it may not be imagined 
that the cords which I made were too much or too 
little twifted, and that perhaps the famethingdoes 
not happen to the cords of thread, or hemp, made 
by the ropemakers, I made trial of ihefe Jaft, 
Among the various experiments that 1 have tried 
upon thelc forts of cords, I Jball content myfclf 
widi relating the 2 following, becaufe all thoic 
that I made have notfucceeded differently. 

Exp. IX, I took a fmall hempen cord, very 
well made by a rope-maker ; it wns made of 
three other fmailer cords, each of which was 
compofed of two coarfe threads of hemp, I call 
thofe threads which are not made of other fmailer 
cords, but are compofed of divers Elaments of 
hemp or flax. Having fixed a weight of 50 lb. 
10 tne cord juft mentioned, it broke in an inftant j 
as it feemed to me that this cord ought to have 
been ftronger, I fufpended afterwards fcveral 
^'eights to the longeft end that was left j it 
fuftained 72 lb. and broke being charged with y§. 
To know if the fum of the forces of the three little 
cords which ccoiDofcd this, was greater than tliat 
-^ ' of 
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of this cord, I untwifted ir, and having tried the 
ftrength of thefe little cords by different weightSf 
I found that one bore 271b. without breaking, 
the other 3 3 lb. and the !aft 3 5 lb. The fum of 
the ftrength of thefe 5 cords was therefore at Jeaft 
equal to that which is required to a weight of 
^5 lb. yet the cord which they compofed had firft 
broken at 50 lb. and afterward at 75 ; its ftrength 
was therefore much iefs than that of the fum of 
the threads. 

As to the reft it miift be obfervcd, that if I had 
ibught the ftrength of the 2 threads, which each 
of the 3 little cords was compofed of-, the fum of 
the forces of thefe two threads, would perhaps have 
been found Iefs than that of the little cord which 
they compofed •, and that by a reafon particular 
CO cords which are made of filaments, fhorter 
than the cords themfelves. Which is, that each 
of the filaments cannot exercifc its whole ftrength, 
unless the refiftance of the iridlion which it muft 
overcome to flip, does not furpafs the ftrength 
which this filament has to fuftain a weight. Now 
ic often happens, that the threads are not enough 
twifted, becaufe the filaments of hemp, or flax, 
which compofe them, cannot flip lb eafily as noc 
to be broken. But when we make a cord, for 
exam pie, with two or three of thefe threads^ the 
new twifting which is given them, adds to the fi- 
laments which compofe them, what they want of 
friftion, and puts the in in a ft ate of baring broken 
by a left force than is necefl"ary to make chem 
Aide, and when each filament Ihail be more eafily 
broken than difengaged from thofe which encom- 
pafs it, the ftrength of the cord will always be 
Iefs than the fum of the forces of the threads or 
filaments which compofe It. 

Vol. IV. N«. 38- S Exp, 
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ExpJQ. Another cord pretty near the fame thlck- 
nefs wiih the preceding, will alfo ferve for a new 
proof. It fuftaincd a weight of 70 lb. and broke, 
about the middle by the weiglu of 72 \ 1 faftened 
a weight of 75 lb, to the longcft bit that remain- 
ed, to fee if the cord had not broken in a place 
much weaker than the reft" v but it could not iuf- 
tain the weight of 75 lb. Having fought feparare* 
Jy the ttrerigdiof the 3 little cords of which it was 
made, the firrt bore 241b. and broke with 28 j 
the fecond bore 2 Sib. and broke with 291 
and the third fuftained 30 !b. and broke with 31. 
The fum of theftrengthof thefe 3 cords was there- 
fore at leaft equal to 82, and confequently greater 
than that of the broken cord by a weight 
of 71 lb. 

There is no doubt but that the experiments 
which I made, would have fucceeded in the fame 
manner upon thicker cords; the great number 
of threads, or of fmall cords, cannot make any 
alteration. But the experiments would have been 
much more difficult to execute, and the prcced- 
ing are fufficient. I fhall however relate one, 
which I made upon a bit of filk, fuch as is com- 
monly ufcd for fewing j tiotwithflanding the 
fmalinefs of thefe forts of cord, we may 
compare itfothe thickeft cables, if we only con- 
fider the number of fmgle threads which compofe 
it. The threads of this bit of filk were exceeding 
fine -, it alfo contained a much greater number of 
filarnentsthan the bits which I have fpoken of in 
the Examination of the filk of fpiders*. For 
having fcparatcd it with great attention and pa- 
patienc;, I divided it into 832 hngie threads, 
whereas I never found but zoo threads in the 
• Page + 1 of thii volume. 
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others. If there was any miftake In this calcula- 
tion, it could be only in making the nutnber of 

threads lefs than it really was, becaufc it might 
eafily happen that the extreme finenefs of ihcfc 
threads might make me fometimes take two for 
one; but this number cannot be too great, be- 
caufe I never counted one thread without fepa- 
rating it well from the others. I had alfo the pre- 
caution to cut it after having counted it for tear 
I fhouJd make z double work of it. 

Thefe 832 threads compofed two different lit- 
tle cords, which being twifted about one another, 
made the bit of filk i having fucceffively fixed 
different weights to this bit of filk, I found thac 
it commonly fuftained 51b. for fome moments, 
after which it broke i but it was feldom ftrong 
enough to bear 5!^. | and in a ^reat number of 
eKperlments it was not above once or twice, that 
5 lb. i did not make it break. Having afttrwards 
examined theftrength of the threads which com- 
pofed this piece of filk, I was convinced by (cvt- 
ral experiments, that the weakeft could fullain a 
dram without breaking v and theftrongefl a dram 
and I J wc fee therefore, thac if thefe threads arc 
much finer than thole which I fpoke of in the 
Exammatien ef ihs fslk of fpiders, they are alfo 
much weaker, for thofe fiiftaincd 2 drams |. Since 
thefe threads bore at icaft a dram, and the ftrongeft, 
of which 1 found a much greater number than of 
the weakeft, bOre i dram and f, it is evident 
that I am nor coo favourable to the fum of the 
forces of the thread, when I take i dram, 18 
grains for the main force of each thread. And 
according to this fuppofuion, the fum of the forces 
of the thread wh.'ch compofc this piece of filk, 
was 1040 drams ', qx dividing this fum by 128 to 
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reduce ic into pounds ; the fum of the forces 
of the threads was 8 lb. 2 ounces. Now wc have 
feen above, that the filk did not In generaJ fuf- 
tain above 5 lb. and but feldom 5 | ; its force 
was therefore confiderably lefs than the fum of the 
threads Mf we had taken the force of the weakeft 
threads, which was a dram, for the true force of 
each thread, the fum of the forces would have 
been 832 drams, that is, 6ib. | and confequently 
. greater than that of the bit of filk. 

We may therefore certainly conclude from all 
thefe experiments, that the force of a twifted cord 
is lefs than the fum ot the forces of the threads 
which com pole it. But it is not poiTible to deter- 
mine in what proportion the twifting diminifhes 
it, becaufe this diminudon depends upon a great 
number of irregularities, each of which may be 
combined in many different manners. 

Thefe experiments teach us at lead, that when 
we can employ, in a convenient manner, many 
little cords, and can ftretch them equaily -, thefe 
little cords would be in a ftaie of producing a 
greater cffedl, or of refilling a greater effort^ than 
a cable compofed of all thefe fmall cords would 
be, 

Laftly, if we cannot decide what the ftrength 
of a cable is, we may decide between what limits 
it is inclofed, by fceking what the force of one 
of the fmall cords is which compofe it ; and by 
examining what is the number of thele cords; 
fince we have fecn, that the force of the cable is 
Jcfs than the fum of the forces of all thefe cords. 
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IV. Remarks 



on Jbme colours^ by 
la Hire 



de 



The deep purple red only appears bright and 
ihinjng when it is expofed to a firorg lighr •, but 
when we view it in a moderate light, ic appears 
to us very dark^ and approaching to black. 

We alfo know, that when we view a luminous 
or very bright body through a dark and rare one, 
it appears red to us, as when we look at the fun. 
through a Tmoaked glafs ; and we cannot fay, 
that it is the proper colour of this fmoke which 
gives it this red, fince this very fmoke being 
mixed with white, makes a colour very much in. 
clinable to bine, which is far from red. 

For the explaining this red colour, we muft 
have recourfe to what we can imagine of the fcn- 
fation of red, which is only a violent fhaking of 
the retina^ with a certain modification, which is 
not found in the violent fliaking of the retina, 
by refledion alone, which only caufes white j and 
if the choroides, which, according to my fyftem, 
receives the impreffions of light, to tranfmit them 
to the retina, is very fenfible, and very thick, ic 
muft happen that the modified light which gives 
us the feniation of red, meeting this choroides, is 
intirely ablbrbed, and fliakcs the reiina only as 
if it was a black body. This is alfo what we ob- 
ferve in fome eyes, which being other wife very 
good for feeing rhe fmalleft objedts very diftin£Hy, 
fee red only as if it was blacky and have no idea 
of whir we call red i and for other colours they 
fee them perfeftly well. 

We know alfo, that when we fee a black body 
through a white and thin one, it gives us the fen* 
• March 28, 1711. 

fation 
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fation of blae, and there can be no doubt of it, 
Cnce this is the only reaforr why the fky appears 
[blue to usi for its immenle depth being 
intirely deprived of light, can only appear to us, 
fhtougb particles of air, which are enlightened byi 
ihe fun, and appear white, Tiiis is alio the rcafor 
why the black of fmoke diluted with white, ap-J 
[pears blue ; for the bodies which appear white* 
being always a little tranfparent» and being con- 
founded with the black behind theni, give a fen- 
4tk>n of blue. 

Thefe two explications of red and blue, fhei 
Its why the veins which are feen upon the furtac* 
©f the fkin, efpecially if it be very white> appea^j 
blue to us, altho' they are filled with a very rec 
blood. 

For by what I have here above explained, i( 
' IS evident that the blood which is of a deep red$ 
being inclofed in the veins, is there in fome 
ireaiure in obfcurity, and confequently would 
.appear like black, and this bLick being viewed 
through the niembrane of the vein, and through 
the white skin, gives us a leniatioii of blue; 
which cannot happen to the reft of the ikin 
I which is white, and filled with innumerable par- 
Iticfcs of blood quite to the cuticle, which muft 
I appear to us of a white inclined to a vermil- 
[Jion, for rhefc particles of blood are very much 
[.difperfcd : but if it Ihould happen, by any ac- 
;cident» as by fome biow, that the blood ga- 
thers together in a great quantity under the skin 
in fome place, the pare prefently appears bluilh, 
'.and we fay it is bruileci. 

It is alfo without doubt this blue colour of 
the veins, which h.^s led anaconiiUs, who inj'.^cl 
wax into the veJfTcls of the body» to fyrin^e 
[blue wax into the veins and red wax into the 

arteries 
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arteries, to diftjnguifh them from the veins» and 
to fliew a little the difficrenc nature of the 
blood of thele veflTels, for ic is much ciore vi- 
vjd, fplrituous and Horld in the arteries ih^ui in 
the veins. 



. ReJleSihm on fbme new ohfervations of K 
Feuillee made in the Weil- Indies , ex- 
traSled from a letter written to M, le 
Comte de PontchartrainyroOT Lima, \>tz, 
7, 1709, i^ JVf. Caffini, the fQn-\, 

At the beginning of his voyage he wM obJiged 
jy contrary winds, to flop at Sardinia and Mal~ 
/fl, which gave him the opportunity of making 
fcveral aftronomical and phyfical obfervations, the 
extract of which is related in the Memoirs of the 
Academy of ijo^. He alfo made f&veral obfer- 
rations in the Mediierraneatiy for determining the 
ititude of the places where he had the convcru- 
tnc€ of obfervtng, of which this is an extraft. 

riHeightef tbipoie at Golio di Palma, j'a ihs ifiand 
0/ Sardinia. 

The height of the pole of this 
^gulf which is between the ifland of 
7/, Antiocho, and the main land o^Sar- „ 



dinia^ was obferved to be 



38 59 24 



Height of the pah at Port-Mahon. 
The height of the pole at Port~Ma~ 
iotty which is inthe iJlandof A/('«i?ri:iJ, / it 
was obferved to be — — 39 53 45 

f Dec, 17, 1710. 

Hfilbt 
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Height of thi poU at Carthagcfla. 

The height of the pole ac Cartba- 
genay iti Europe^ was obferved m the „ ^ 
[port to be -— — - 37 36 

Height of the pole at Almeria. 

The height of the pole at Almeria^ 
which is in the kingdom of Graff tfiid, « , ,-i 
was obferved to be 36 50 i» 

F. Feuiilis afterwards paflfed the ftreights of 
Gibraltar^ continuing his way lovfurdJmerica* 
He obferved during the courfe of his navigation, 
that the fea- water dim inilhed in its weight, in pr6- 
. portion as he approached the line. He made 
daily obfervations of it in prefence of the officers 
oftheihip, and does not believe that the mixing 
-of the frefli-water has contributed to this alteration, 
having pafifed the line at a very great diflance from 
Africa zndJmerica. He obferved allb during his 
voyage, the variation of the needle, and the place 
of his courfe where there is no variation. 

The firfb place where he arrived in jfmeric4f^ 
vriis Buenos- Jyresy where the bad weather would 
not permit him to make any obfervations of the 
fatelJitcs of Jupiter. 

Ohfervations made at Buenos- Ayres on the Rio del 
Pktaj the i^tbof Ai\g. 1708. 

The height of the pole was obferved ^ ^ ^ 
at Buenos- Jyres to be ^^-^—^ 34 34 44 

This obfervation was confirmed by thofe of 
the 2oEh and 2 1 ft of Aug, which give the fame 
height to the pole within a few fcconds. 
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The 2 rjl cf Aug, 

P^Fettii^h ohtkrvcdzt Buenos- Jyres ,, ^ 
the variadon of the needle to be 15 giNE 

He obferved alfo, that the needle , 
of the compafs dipped at the fouth 
poinr, and made an angle with the t 
. true horizon of ■ • ■ • ■ -* 6 20 

ObferBOtions made at Monte Vidio» f&r the height 
of the pole^ the -i^dofOdL, 

F. FmilUs obferved at Monte Vidh^ 
which is to the fouth-caft from Bitenas- 
d^reSj at the outlet of the Rio del , ^ „ 
Plata^ the height of the pole to be 345^3° 

It was obferved the 24th and 28th, to be within 
a few fecondsthe fame^ 

OhffTVBlkm made ai the Conception in the king* 
dam tf/" Chili. 

F. FeuilUi determined the height of 
the pole at the Cpmeption^ by a great 
number of obfcrvations of the meridian 
height of the fun, and fixed ftars^ 
made in Jan. and Feb, between which^ ' 
if we take a mean, we fliall have for o , g 
the height of the pole at the Ce»(rfp//fl» 3^ 44^ 3® 

. Edipfes of thefatiUites of Jupiter for the longitude 
of the Conception, the 3 iji. of Jan. I/09. 

At o 3 23 in the mornings immerfion of the 
firfl: fatellitc into the Ihadow of 
**■ Jupiter, 

S 5 a 8 at Paris by the corre^ed calcu- 
lation. 
Vol. IV. N^38. T # 
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S 2 5 difference of the meridians he- 

6. ^* ^heytbofVth. 

I 55' 36 in the morning immerttoh of the 
' fi'rfl: fatellitc into, the IhadoW 

of Jupiier. 
658 8 al Paris 'by the correftcd calcb- 

lation., 
5 2 32 difference of the meridians between 

Piarrj and the Conctption, 



It 



16 



?1&tf ^tb of Feb. ► 

52 at night, the iramerfion of the 

third fatellite imo the fhadow 
of Jupiierl 

1 50 at Pdris. by the corrected calcu- 

lation. 
058 difference of the meridians be- 
tween Paris and the Conception, 



o 34 



4 57 






The 1 7/^ fl/* Feb. 

4 in the morning immerrion of the 

third farellice into the (hadow of 
Jupiter. 

5 ac Paris by the corrcded calcu- 

lation. 
I difference of the nieridians be- 
tween Paris &iid ih^ Cmcepfien, 

'7 he \%tb of Feb. 

%.\n the morning intmerfion of the 
Itcond Satellite in the fliadow of 



^-uJlfA i.^*" 



«v« » . . . 



.c^.'ri .Vi.Ac 
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6 46 ly at Pdris by the correflad caJcu- 

latton. 
5 1 15 difference of the meridians be- 
tween Paris and the Co»cepiie»> 
P-- Taking the mean between the diffe- 
rences of the meridians determined by 
the pbfcrvations of the firft fatellite of 
yupiter, which only differ 19 feconds 
from one another^ we Oiall have the 
difference of the meridians between ^ , a 
Paris and the Conaplign — • 5214 

This difference being brought into 
degrees, gives the difference of the 
Jongicude between Paris and theCaw- 

caption of -i 75 33 30 

By which the Cmception is more wcfterly than 
Paris. 

Ohferv^tiom of the variation and inclinaliofi ef 
(be needle, the I'jtb 0/ Jan, 1709. 

The variation of the needle was ob- ^ , 
fer ved at the Concept ion to be 10 20NE 

And the inclination of the needle ^ 35 

OBfervations made at Valparajfo, upsn the coafi 
cf the kingdom 0/ Chili. 

F. FeuflUe determined by the meri- 
dian heights of the fun and fixed ftars, 
the height of the pole at yalparaifo to „ ^ „ 
be -^— 33 o II 



T 2 



Edip^ 
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Bdipfe $f thefirp fatilUfs of Jupiter, far the lan^ 
gitude e/Vdlparaifo, the ii tb 0/ March, 1709* 

At %o 34 13 at right, infimerTiofi of the firft 
fatellite into the fhadow of Ju' 
piteK 

1 5 32 28 M Paris by the corre^ed calcu- 
lation. 
4 58 15 difference of the raeridian$ 
twecn 
Pdrtj and Valparmfo^ which being 
brought into degrees, gives the diffe- .^.t^ 

rence of longitude between Ptfn'j and , ; '^^ 

Valparaifo • ■ 74 33 45, 

: By which Valparaifo is more wefterly thia 
Paris, 

Edipfg ef ibe fm, March 11, 1709, 

The horizon was full of clouds at the riflng of 
the fun, and they could not oblerve it till a little 

after. 

'- . The I uh af March. 

> t It , 
At 6 i^ 46 in the morning, the fun was 

eclipfed one digit. 
6 27 37 end of the cclipfc. 
F. feuiltie could only obferve thele two phafes 
of the eclipfe •, and he obfervcs, that in this coun- 
try the fun is but feldom ieen. 

This eclipfe having been obferved at .; 

PariSy and feveral other pans of Ru- * 

TQpe^ we have defcribcd the parallel 
cf Valparaifo in the figure of this 
eclipfe, and found by the phafe of a 
digit, the difference of the meridians ^ , 
between Paris and Valparaifo to be 4 55 

And by d^e end - — 4 53 *;o 

Thcfe 
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"^ Thefc rfifFerences are lefs than thofe which are 
found by the obfervacion of the firft fatellite of Ju- 
piier, to which it is beft to keep ; becaufe of iha 
limplicity of the elements which are ufed for the 
comparifon of thefe obfervations, 

Ohfervathns made at Lima, tbe capital cf Fera. 

F. FeuilUe determined by the meri- 
dian height of the fun, the height of 
the pole at X-i'wtf to be * — ^... ~ 12 i 15 

Whilft: he ftayed at Lima he obferved geo- 
metrically the height of a mountaLn which h<t 
found elevated 143 toifes,and aim oft 5 feet above 
the horizon. He took at the foot of the mountain, 
the height of the barometer, which he found to be 
%y inch^5 lines, which is 10 lines \ higher than 
tbe 26 inches 6 lines :J, which he found ac the top 
of the mountaiD. 

According to the rule drawn from our obfer- 
vations, the difference in the height of the baro- 
meter which agrees to the height of 143 toifes, 
5 feet above the horizon of the fea, ought to be 
12 lines |, greater by two lines than wimt F. ivtf- 
illie has found, which makes him judge that the 
condenfation and dilatation of the air in Amarka^ 
^s very different from that which is obieived in 
Europe. We Ihall not give a further detail of 
;his obfervation, F< FeuilUe having a defign of 
meafaring a fecond time the height of this moun- 
tain before hi? departure. 

With regard to the height of the barometer at 
the fea-fliore, F. Feuillie found by the obfervation, 
which he every day made at land, that it is pret- 
ty near the fame as in Europe. 

During his ftay at Lima they felt there feveral 
earthquakes, and the yth of Dtc^ in the morn- 

1 J'^S. 
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tng, the diy of the d.uc of his letrer» eliey had 
two (hocks fo flrongj thai had rhey laftfd aJittle 
longer, there would not have been any b^Itding 
thac could have rcfifted" th<;n>. 

VI . j4n extraB of Jroeral chfcr'uatiom made^ 
by P.FcmWiz in /j^/ Weft-Indies bj ^l 
Caffini /^^ /0/7*. • V- '\. - 

Smce the obfervarfens that F. Feuilles made in 
his voyage toihz Wefi-Indses^ which we have re- 
lated to the royal acidemy of fcienci's, he has Tent 
others toMJe Cemie dd PGnfcharir\ihi, Svhich he 
has comiftued to nuke in the SuKih-fta, 

Oifervathns made at Coquimbo/?r (be hngitude^ 

'. . ..-. - .fhe i6tb of April, 1710. 

At II 57 36 atfiight, inamerfion of the fecond 
fiteJlitein the fliadow of Jw/>//tfr, 
J 6 5! 32 SI Paris by the corr<;£tcd calcu- 
lation. 

4 55 56 difference of the meridians be- 

tween Paris and Coquimho. 

Ths zid of A^i]\t i;io. 

At o 6 25 in the morning immerfion of the 
firft fafcllite into the (hadow of 
Jupiter, 

5 1 Sat Paris by the correfted calcu- 

lation. 
4 54 45 difference of the meridi-ins be- 
tween Pans and Ciquitnhf 
H Which b^ing brought into degrt-cs, 
feives the difference of the longitu.k 
between jRrfWi and C^ulmh of 75 4^ 45 

• Ju!y 8, t/u. 
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''■Ohfervatisni madt at Coqutmbo fsr ihektight c/ 
. , ^jbeple^ the ijih i?/ April, 1710. 

F. Feuillee obftrved at Coquimh the 
meridian 'height of the upper etige of j, ^ ^ 
the fun, to be ■ ■ ■ - 49 5 ^ 5Q 

^ He continued obfcrvmg it the fonowing dajp 
till'the 28th of the fame month. 

According to thcfe obffrvat>ohs, 

^jhaving regard to the refraction, the 
iemi-diamcter of the fun, aiui its pai- 
faJIax, we fliaJl find the height of the , , ^ 
"poh 3^1 Coqumbo to ht 29 54 3a 

Obfervationsof ibe vnriatfon and inclination tf thi 
needk at C<i(\Wn\iho. 

The variation of the. needle was ob- ^ ^ 

^ferved at Ccquhnba to be — S 32NE 

And' the inclination of the needle 5 25 

Ohfervations fsr the height sf ths pok at Arlca, 
tht zoth of May. 

F, TiuilU obferved at Arica the me- 
ridian height of the upper edge of the <» , , 

^iun to be ~ 51 49 45 

And the 21 ft of Af<a/ — 51 37 34 
By thcfc obfervations we find the 

height of the fouth-pole ^l Arica to be 18 2S 6 

Ohftrvaticns made al YJo fsr the l&ngiPude^ the 
^ ' 2/^tb of ]yx\y^ '7'C>. 

f" f' a 
At 9 24 £7 at night, emerfion of the firft fi- 

tdJite out of the ftiidow of 

^ Jupiter, 
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Ae 14 I fj II at Paris by the corretFlcd calcu- 
lation. 
4 54 14 difference of the mcridiam be- 
tween Paris and Tk^ 
Which being reduced into degrees 
gives die difference of longitude be- ^ , „ 
tween Paris and 210 of — —* 7^ 3^ 30 
By which Tlo is more wefterJy than Parts, 

Ohfervations f$r the height of thefdt at YIo, the 
^th of June. 

P. Feuiilie, obfervcd at 71& the me- 
ridian height of che upper edge of o , ,^ 
ihe fun to be — ^ -^ — — 50 5 30 

He continued obferving it the following days 
*dll the 25th of 7«^. 

According to theft ctfrrvations vire ^ , ^ 

find the height of the pole at 27e to fac 17 36 30 

ObfervattQns of ihe variation and inclination cfihi 
needle at YIo. - 

The variation of the needle was « , ^ 
obferved at Th to be ■ 6 38 O NE 

and the inclinaricn of the needle 3 45 o 

Thefe obfervations, added to thofe which wc 
have already related » determine more particularly 
the fituation of the weft coaft of Scutb Amnicaj 
which *tiU now has been but little known. 
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*VIL Experiments en the thermometer ^ f)y 
M. de la Hire the Jm*,^ 

. A canon of Cbartres one of my friends, and 
an excellent naturaliff, wrote to mc in February 
1709, ihftt having feen the papers that M Nuguet 
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had publifhed, where he gave the conftruftion of 
^ new thermometer, which as be pretended 
Was free from the faults of others, and that hav- 
ing alfo feen the reflections that 1 have gii^en 
upon this thermometer, printed in the memoirs 
of ths jfcadimyof 1706, he had a mind to ex- 
amine whether this new thought, fo oppofite tg 
that of M . Jmontons, was founded upon any cerr 
tain principle. 

He took for his experiments a thermomet-r 
which he had caufed to be made at Cbnrtrss^ 
from one of thofe of M. An^onicns^ the ball 
of which was 13 lines outfide diameter, and the 
tube g feet 2 inches long, to f of a line of infjd© 
diameter. 

The 7th o^ 'December lyoS, he put this ther- 
mometer into water, which he let freeze, with- 
out taking notice at what height ch6 fpirit of wine 
was in the tube, and when the water was perfect- 
ly frozen, the fpirit of wine was at 1 1 inches 
7 -Sines above the ball v he afterwards melted the 
ice from the thermometer, by holding it to the 
fire, and believed that the fpirit of wine could not 
defcend lower in this thermometer •, not ima- 
gining that there could be a greater cold than 
ihat of water very hard frozen. 

He afterwards expofed this thermometer to the 
cold of the following days, and found that the 
fpirit of wine fell in the tube to i inch lower than 
it had fallen being in water very haid frozen, 
that is, I inch below the 1 1 inches 7 lines i 
he t)elieved that the caufe of this effeft proceeded 
from this, that the water was not perfectly frozen 
ifl its whole mafs, for. this reafon he repeated the 
preceding experiment, 

January the 8th 1709, the cold being very 
great, at 3 in the morning he put the fame ther- 
U momcter 
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mometer, of which the fpirlt of wine was it q 
inches S lines above the ball, into waiter which 
was frozen in a very littls time, and examining 
very attentively what ftiould hajjpen to ihe fpi- 
rit of wine in the tube, he (liw that In lefe than 
half a quarter of an hour, the fpirlc of wine rofc 
2 inches { aline above the 9 inches 8 lines, 
An hour after, it was alfo ri fen | a line more, at 
noon another -f- line, atid at half an hour after 9 ac 
night, it was rifen 2 inches 4 lines 7 above the nine 
ihchcs 8 lines. He left this thermometer :^11 nightco 
the air and in the ice^ the cold being very great, fo 
that the ice fwelled and raifed itfelf above the edge 
ofthevclTel, and the next day in the morning 
about the fun*s riling, he found that the fpirit 
of wine was rifen in the tube more tbati 2 feet 
above the ball,, and that it was interrupted with 
many bubbles of air very much extended. He 
here finifiied his experiment, and wanting to dlT- 
engage the thermometer from the ice, he broke it. 

This experiment did nothing but puzzle mf 
friendi for he faw the contrary happen to what 
he expeded, and to what had happened in the 
firft experiment, fince inftead of feeing die fpirit 
of wirie funk in the tube after the diermometer was 
in the ice, he faw it rife continually to the height 
of above 2 feet, and interrupted with many bub- 
bles of air, which made him think that the ic« 
j^ad perhaps made the fpirit of wine ferment,f 
from whence he concluded that M, Nuguif^ who 
toade ufe of the cold of water in which he put 
ice to conftruft his thermometer, would hav? 
found it difficult always to meet with the fame 
degree of cold. 

lanfwered my friend fomedays after, and ac- 
quainted him that the experiment had furprJzcd 

me, 
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me, arid th^t 1 did not believe the great cold haq 
cjufed a fermentation in the ^irit of wfne^ but 
I was pcrftiaded that what made ic rife 2 inchei 
A a ' litre, diirit)g the firlf haTf quarter pf aft 
iiou»", ^3t the thermometer was in the water^ 
ynHy that when he had put it in, the Tpiric of 
wine, which' wgs cxrrcmely condenlcd by th^ 
great coJd,' becaqfe it was expofed to the air. 
and the ivater was nor, had in a manner thaw- 
ed, chat is, the pajticles of cold which w^c v?ithi 
in, had gone out, and were joined to thofe of the 
\^%ttr^ which was not fo cold as the ipirit bf 
wine, lince it was not fro^eo, as it happen^ to 
fruits that are frozen, when they are put Into 
water that is near freezing. ' 

As to the elevation of the other 4 lines^ which 
the fyirit of witie rofe in the tube, during thf 
reft of thedcij, it might very well come from 
this, that the water being afterwards frosien ,W- 
fy hard, ft had according to cuftom iTicreafed its 
■bulk, and made an effort againfl the fides of thf 
yeilei, and againft the ball 6f the thermometer, 
t>F which it had by this means diminiflicd thj; 
•bulk. 

After having given him a reafon for .the e- 

evation dqring the day, it reraained to explaip 

ow the fpifit of wine had been able to ri^ 

fo great a height in the night, and fr(?rn 

hence the bubbles of air eame, which wer^ 

bund mixed wiA it. 

I could not find a morepVobable explicAtipa, 
Hot knowing how to admit the fermentation, 
unlcfs it was tliat the water having continued to 
'eezc more and more, had confidcrabfy increaf. 
•led its bulk, fo that the fides of the vefTei riot 
^cing able to give way, the Whole effort was 
nited agalnft ths ball of the thermometer, which 
U 2 not 
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not having ftrength enough to refill it, for want 
perhaps of not having been petfe<ftly fpherical, 
or ai the iame thickneis in its whole extent, 
was broken J and then the preflure of the ice, 
joined with many bubbles of air which efcaped 
from, it one after another, and were entered 
into the ipirit of winej had obliged it to rife 
in the tube to fo great an height^ being inter- 
lupted with bubbJes of air. 

Thcle were the reafons I then made ufe ofj 
td explain to my friend the experiments he had 
communicated to me ; however, as I was afraid 
of being miftaken in my conjectures, I relbl- 
vcd the next winter to make his experiment j 
but. having only one cold day in 1710, 1 
could not execute what 1 had projeded, an-d 
was obliged to defer it till this year iyi i, in which 
we have had forae days cold enough do it. 

The 2d of February at 11 in the morning 
the thermometer, which always is in the caft 
tower of the obfervatory, and with which we 
make our experiments, being at 24 \ parts, I 
expofed upon the window of this tower, which 
looks to the north, an iron mortar foil of wa- 
ter, in the middle of which I had fufpended 
the ball of a " thermometer which I had carried 
into the caves of the obfervatory, to have a fix- 
ed point from whence I might meafure the fal- 
lings and rifings' of the fpirit of wine in the 
tube, becaufe we know that the temperature of 
the air never changes in ihefe caves, and that if 
is taken for a mean ftate. 

After the thermometer had been a quarter of 

an hour in the water, upon which there began 

to be formed a cruft of ice, 1 found thatdw 

Ipirit of wine was fallen in the tube 3 inches 

I line below the mean Hate, I continued oS- 

fcrving 
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fcrving ic every quarter of an hour, *ciIJ 5 ia 
the afternoon, 10 fee the alreradons which might 
happea to it, but I did not obferve any da- 
ring the whole time, and the fpirit of wine al- 
ways remained at the lame place, 'tho the wa- 
:cr was continuaDy more and more frozen, 
and then feemed to m» entirely (6 through the 
mafs J the therinonieter with which we made our 
experiments had not changed fince the morning, 
and had always remained at 24 | parts. 

I left my thermometer in experiment, la the 
fame place, all night, between the fecond and 
third, and the 3d at S in the morning, our 
common thermometer being at 2 1 parts, that is 
at 3f parts lower than the preceding d^y, I found 
that which was in experiment in the ice, the 
forface of which was fplit in many places, pro- 
bably by the ftrength of the cold, was funk 
5 inches 10 lines f below the mean (late, and con- 
fequcndy 2 inches 9 lines f lower than the pre- 
ceding day. 

The fame day at 1 1 in the morning, I put 
the thermometer, that was in experiment, near 
our common thermometer, which was at 24 1 
parts, as the preceding day j and after hiving 
left ic there fome time, I found that which 
was in experiment rifen again to 13 lines above 
what it was at 8 in the morning ; ever fince I 
have always left them together to compare them. 

The 4th, at three quarters after feven in the 
morning, the commoa thermometer was 23 f 
parts, and that which was in experiment was 
3 inches 8 lines below the mean ftate. 

The 5th, at half an hour afcer feven in the 
morning, the common thermometer, was at 26 f 
parts, and that which was in experiment was 3 in- 
dies 3 lines below the mean (lace. 

The 
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The 6ih, at half an hour after feven in. tlic 
itioming, the common thermometer was tit'i'^ ^ 
parts, ^*^^ tl^^^ which was in experiment M^as 3 
incKes 1 1 lines below the mean ftatc. 

The 7th» at half an hour after leven in the 
morning, the cotnmon thermometer was at 23 | 
parts, and that in experiment was 4 inches 3 litics 
below the mean ftate. 

The &ch^ at three quarters after feven in the 
morning, the common thermometer was at 3| 
parts, atid that in experiment, was at 4 inches | 
lines i below the mean Itate. 

The 9tht at three quarters after ftve'n nn 'the 
morning, the conimon therm ometeh *vift ftt ^o 
barts, ahd that which was in experirr^en't was at i 
Snchei i ' line { below the mean ftate. 

The loth, at noon,' the common chcrrtioineref 
WAS at 40 fiarts and j-j and that which was «; 
experiment was it i Inch 9 lines ^ below the 
mean ftate, and was plunged in the water trhic?) 
\;;,-ii cCiitle from the ice in the mortir, and was 
melted during the preceding night. 

In" comparing tbefe experiments together, we 
fee that the thermometer which was in the ice 
^las pretty well followed that which was not, 
Tvhen the cold became greater ; but when h 
'diminiflied, that which was in the ice did not 
follow it lb well, and it could nor rife fo eaGIy 
as the other, bcc.i.iife of the cold of the ice, which 
fur rounded it. 

' I was furprized the ud of February , when I 
I Iput my thermometer into experiment, to fee 
that a quarter of an hour after it was put there, 
during which time it had funk, becaufe before 
'".that time it had bt-en in a place I^fs cold th.in 
i*the open air, it did not change for fix hours, 
* alt ho* the water was entirely froz-.-n,, but the cx- 

pefimctiU 
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penrpents which I made afterwards fhewed mc 
chercafonof k, by letting me fee that the degree 
of cold of the air, which did ngt change in thelc 
fix hours, was gicater than was neccl&ry to frtfczc 
thf waier, and (o the thwmpmewi which was 
within, could not receive any imprefilDri frpm 
it i yet it happened quite the contrary to that of 
my friend, for du^-ing the firft quarter of^n hour, 
it rofe-inftead of falimg, from whence it muft ba 
concluded, that the water was lefs cold than the 
fpirir of wine of the thermometer, which was ex- 
pofed to the air» and it really was fq, for it 
froze |in a very little time j but it ought to have 
funk afterwards, fince the cold palled through 
the ice, which did not happen, by the reafons 
which are related at the beginning of this memoir. 

As to the great height whtre he found the fpiric 
of wine, intcrrupied by great bubbles of air in the 
tubii, tl»e next morning, it does not appear to mc 
thajt this effe<3; could proceed from any other caufe 
than the breaking of the ball, as it is here above 
obferved, fincc the temperature of the air had hard- 
ly changed from that day to the next. 

It does not k&m to me^ that it can be faid» 
that die cold of ice is always the f ime cold, fince 
wc have feen by the experimencs jult mentioned^ 
that the greater or Icfs cold of the air, is very fud» 
denly felt upon the bail of the thermometer which 
is inclofed in the ice, and if the fpirit of wine i^ 
fufcepiible of altera ioa through the foUd ice, what 
will ' it iiot be \yhcn it fhall be brokal, prput mt 
to water, : 
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yill. Nene experiments on the dilatation of 
the air J made by M. Scheuchzer, upon the 

mountains of Switzerland, with refieBions 
thereon^ by M. Maraldi *; tranjlated by 
Mr, Chambers. 

M. Scbeuchzer having fcnt feveral experiments 
on the dilacationof the air, made on the mountains 
of Switzerland^ in September 1 7 1 o, to the Abbi 
Bignon^ who defired M. Schiuchzer to make fomc 
further obfervations, to learn whether the dilata* 
don of the air at great heights follow the ikme pro- 
portion, as near ihe furface of the earth. 

Accordingly with a tube 33 inches long, and 
fi lines in diameter, he obferved the height of the 
mercury in vacuo^ at feven different ftations, mak- 
ing the common obfervations at each flatlon, of 
the dilamcion of the air, by leaving firft 3 inches 
of natural air in the tube, then 6 inches, then 9* 
and fo ruccefBvely to 30. And he meafured the 
height at which the mercury flood in the tube, 
after the dilatation, as well as the fpace poflefTed 
by the dilated air, after the invertion in the low- 
eft of thefe ftations, the mercury ftood in vacuo 
at 26 inches, 7 lines f, and in the higheft at 21 
inches 6 lincSj fo that the difference between 
the height of mercury in njacm^ was 5 inches i 
now to find whecher the common rule of the 
dilatation of the air among us, be conformable to 
the obfervations oHyi.Scbeuchztr^ 1 calculated 
the fpace which the air was to poffefs in the tube 
after dilatatioD, according to this rule, and com- 
pared them with the obfervations themfelves. 
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By this comparifon it appears that the cal' 
f«/«/^ only agrees with obftrvation in the diJa- 
c;4cions anfwering to the 3 firft inches'of natural 
air, in the reft the dilatation obferved is lefs 
than ,that of the rule, as far as the jSch inch 
of natural air, where they agree with each odier 
within one or two lines; but from the 18th to 
the 30th inch of natural air, the dilatation ob- 
ferved is alw'ays greater than that calculated, 
contrary to what obtains in the firft 18 inches, 
the greateft excefs of the calculus above obfervation 
was at the 9th and 10 inch, and was at S or 9 
lines, and the greateft deficiency of the calculus 
with regard to obfervation was 10 or 11 iine^, 
at the 24th and 27th inch of natural air: — Wliich 
ihew that at great heights the air does not dilate 
at the lame race as it does near the furface of the 
earth, and conlequently chat the rule is nor ge- 
neral for the whole compafs of the air in any 
climate. 

In a former memoir for the year 1709, we 
have alfo fhewn that this rule docs not hold even 
in air> much at the fame height, but in climates 
very different from our own» as th.it of MaU 
lacca in i\\^Eaji- Indies ^ here by other obfervations 
like thofe of M. Scheuchzerh^xee. inches of natu-* 
ral air, after their dilatation poITefsM a fpace of 7 
inches 5 lines in the tube, wht^reas by the rule 
it fliould have polTefs'd 9 inches 6' lines |, 
the difference therefore between the obfervation 

and rule is 2 inches i line.—'- So 6 inches of 

natural air after dilatation pofiefa*d 1 o inches 9 
lines i whereas by the rule the dilatation fliould 
have been i^ inches 3 lines, the diUcrence is 1 
inches 5 lines, by which the dilatation of the rule 
foincs ihort of that found by obfervation, and 
die like is found in feveral obfervations made at 

•Vol. IV. N ^ 2 S. X A'Ulaci* 
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Malacca, and calculated in the menjoir above men- 
tioned, which ftiews that in the air of Malacca 
the dilatation is much greater than in ours, and 
even than what is found in M. Scbeu£hztr'& obfer- 
vitions. 

There is fome conformity however between the 
obfervations of Malacca and thofe of Zurkk % at 
Malacca^ where the dilatation of the air is dif- 
ferent from that of Parhi the variation of the 
barometer is lefs than at Paris^ and the fame 
holds with the obiervations of Zurich^ where 
the dilatation of the air is diiferent from whac 
it is at Par is t and the variation of the barometer 
lefs than what is found cither at Genoa or at Pa- 
ris J 'tis true at Malacca the dilatation is dif- 
ferent from what it is at Zurich^ the dilatation 
obferved at the former place being always left 
than whatarifes fram the Cj/c«/tfj, whereas byM. 
Sfhsuchzerh obfervations, the dilatation obferved 
proves lefs than the calculated one to a certain 

terra, after which it is greater- *Ti3 obfer- 

yable that at the loweft place where M. Scheucb-' 
zsr made his obfervations, the dilatation of the 
air proceeds differently from what it does axParis, 
though the difference in the height of the mer- 
cury, at thofe two places, be only 2 inches, and 
yet the dilatation proceeds alike at the Icveral 
ftations, obferved by M.Scheuchzery tho* the dif- 
ference between the higheft and lowcft place 
anfwered to above 5 inches of mercury, whence 
ic may be infcrr'd, that near the furface of the 
earth, the air varies even in the Hirne climate, 
but that 'cis more uniform at a great height 
therefrom. 
' . M. Scbeuchzsr made fome experiments in an 
iron mine, where the air was very hot, on account 
of the fire kept therein to melt the oar, and found 
-"s the 
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the height of the mercury in vamo^ as well as 
the dilatation of the air, the fame as they were 
out of the mine in the open air, which agrees with 
the experin^ents related in the memoirs of the year 
1709, whereby it appears that a great heat, as 
that of boiling water, makes no fenfible altera- 
cion in the dilatation of the air. 



IX. Obfervatiomcfjhme eclipfes of the pimiets 
andJiKedJlars by the momi^ made in jhiem} 
places^ compared together to determine the 
differences of the meridians, iff M. Cafiini 
thejbn*. 

The obfervations of the eclipfes of the ftars by 
the moon, made m fevcral places, being very 
proper for determining the geographical longitudes 
of thofc places j we have thought ic neceflary to 
compare many of thofc which have been hitherto 
made, to draw this advantage from them. 

Among thefe obfervations there arc leveral 
which are reliced in the Journaux des Scavanj, m 
the Pbihfopbical TranfnSiions of the Royal Society 
ef London, and in the Leipfick A^Sy from which 
we have extrafted thofe wliich have been made at 
the fame time in fcveral places. 

Obfirvatms of the cdipfe of the Pleiades hy the 
moon, made at Paris, md at Dantzick, tbi 
2^dofAug. 1 70 1. 

if I If 

At 13 31 25 at Parti the bright ftar of the 
Pleiades of the third magnitude 
called Alcyone by Riccrsli, en- 
ters into the bright part of the 
moon. 
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15 o o ac Dantzicky Alcyom enters into 1 
the bright par: of the moon. 
6 1^^ at DaiUzkk, ecncrfion from the 
dark part. 
To find by the means of ihts obftr- 
vation the differeoce of the meridians 
between Paris and Danizick ; they 
firft determined the paffage of rhis itar 
over the meridian which happened at j, , 
Paris at ,_^____ i y i ^ 

Its right afcenfion 51° 4- 

And ics declination 23^ 3 



They have alfo calculated the right afcenfiofil 
and the declination of the moon fome hours be-, 
I'ioitt or after its conjunftion, its diameter, and ho- 
rizontal parallax. 

- By this means they have placed in a figure 

• which reprefents the projedion of the earth in the 

'orb of the moon, the parallels of Paris and 

Vanizicki and the line that the moon defcribed 

'in pairing by this projcftion. , 

ti According to this figure, the immer- 

|\lion of this ftar ought to have hap- ^ r 

|» pened at DiJff/asrVi at -^ — ^3 5^ o 

Which gives the difference of the 

meridians between Pi?m and this city 140 

By which D^^Hzkk is more earterly, becautc 

the hour obfcrved exceeds that which is marked 

upon the path of the moon prepared for the 

meridian of Paris. 



The fame day 

*2 55 25 a.t Paris, Merspe enters mto the 
bright part of die moon. 

14 
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14 24 30 at DanizicK immerfion of Mr- 
rtf;>tf into the bright part of the 
moon. 

15 15 20 at Dantzkk emerfion out of the 
dark part. 

The paflage of this ftar over the ^^ ^ 
meridian happened at ly 14 26 

its right afcenfion was 5*^47 25 

;ind its northern declination Q.^°$t 55 

By tiie immerfion of this ftar into 
the bright part of the moon, we ftiall 
have the ditFerence of the meridians 
between Paris and Dantztck 10 be *^ 4 34 

^^hefame Vay^ 
12 21 20 at Paris immerfion of EkBra^ 
■ into the bright part of the moon. 

B 13 40 o zi Dantzicki\mmcf^\on<yi Eti£lra 
W into the bright part of the moon, 

^ 14 50 o at Danixick emerfion out of 
the dark part. 
The palTage of this ftar over the ^ , ^^ 
meridian happened at 1 7 1 2 56 

I its right afcenfion was 5^°"^$ ^ 

H and its northern declination 22 ''^i 55 

1^ By the immerfion of this flar into 
the bright part of the moon, we fliall 
have the difference of the meridians 1, 
between Paris and Dmtzuk. 11^^ 

Mdipfe of Mars hy the Moortjpbfirvsd at Dantzick, 
Oxford, and Greenwich, the 31/ ^Auguft, 
1676. 

13 35 42 ziDantxick immerfion of Mars 
into the bright part of the moon, 

14 46 29 emerfion out of th^ dark parr. 



ia lo 4.Z at Oxford Smmeriioti tof. Marsy 

itito the bright part of the moon. 

^3 lo 4.1 emerfion (njt of the dark part. 

12 14 58 at Gfiefri»ieb imraerfioh of 

Mars Ifitb the bright part of the 

- -fntiioil> 

. 13 10 51 emerfion oUt of the dark. parf. 

. Thefc is an error in the hotlr df this b / « 
^bfervation, forinfteaflof — tg lo 5< 

Wemuftteid ■ ' ■ 13 15 51 

"Which we fee by comparing the 
hour obferved with the cor redled hour, 

|l|p .difference between thefe hdufj- ' 

which in all the obfervations is o 4 55 

In this being only *— ,0 o 5 

, Hailing calculated the fight Af^ficMi, and the 
tdcclination of Mati^ arid of the moon, at th& 
tiilie of its cofijun(5tion, and fortie hours befbre or — 
alter, they defctibed the p&th of the moon, \r^m 
Ik figure which rfcprefents the ptojeftioii of thf=^i 
earth in the orb of the mobri, and they hav^^ 
there determined the north pole, and the parallek^ s 
ti Danfssick, Oxford, and Greenioich, ~ 

•• By the immerfion of Mars oblerved . 
act D^ft^aick, and at Greenwich, they 
find the difference of the meridians j, / /x 
between thefe places — — i 15 t'^z 

And by the emerfion " 1 ' 5 ^ 

• ^3^ the immerfion of Mfr/, obferved 
at Vantzick and Oxford, they find the 
•difierence of the meridians between 
iStxit two cities '— 12023 

And by the emerfion » *i 20 20 

: This obfervatioii is related in the Journal des 
McMvans of the 18th of JaH. 1677, where it i^ 
remarked thtt Dr^ Hallty having carefuUy cor»- 
: . ' fidcred 
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fidered the parallaxes of the moon In the obferva- 
fc tions of this eclipfe made at Oxford^ at Danizick^ 
and at Greenwich^ he found by the ImmerCon of 
Mars 

The difference of the meridians be- h. 
tween Greenwich and Dantzick ro be i 14 50 

And between Gran'Wkh and Oxford 4 ^q 

And by the emerfion cf the fame 
planet the firft of thefe differences is 
found to be — i 

And the Jaft — - 



41 

59 



Thefe differences of the meridians that t}r.Hai-> 
ley has prob^blj^ found by the old method, which 
is by caJculating the parallax of the moon at fcvc- 
ral heights, agree within a few fccoods with thofe 
that I have found by the method of the projedion 
of the earth in the orb of the moon. 

Suppofing the difference of the me- 
ridians between the obfer varory of Pa- ^ 
ris and that of Grem-wich to be 9 lO 

As we have determined by the ob- 
fervations of the Satellites of Jupinr, 
we fliall have the difference of the me- 
ridians between Paris and Danizick t 5 ^$ 

h little greater than that which is determined 
by the obfervation of the PUiades made at Paris, 
and ztDanizicL 

Eclipfe of Jupiter hy the mwin shferved at Paris, 
London, Greenwich, Nuremberg, Leipfick^ 
tf»i/ Avignon, April 10, 1686. 

h t It 

9 40 21 at Paris Jupiter touches the mooo. 
9 41 20 he quite difappeared in the iatqu&i- 

iities of the tnoori's Imib. 
10 30 2 the preceding fatellite emerges. 



10 



^^^l6o th 
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1 
24 the firfi: limb of Jupiter begins ta^^y| 


^^^^V 


emerge out of che dark fide. '^^H 


^^m 40 


SS the centre of Jufiin emerges out of I^H 


^^^^^^ 


the moon, ^^| 


^^^^H 41 _^^^ 


%S Jupiter is intirely emerged. ,^^| 


^^^^H 10 42 49 the neareflfatellice to7u/>r/^remcr-^^^| 


^^^^H 


ges it, is ^l didanc from Jupiier^^^^ 


^^^H 10 


I the next latellite emerge, it is di«^^H 




ftant from Jupiter a licdc lefs thao^^B 


^^^^^B 


two of his dlameterSi ^^H 


^^H| 10 50 


40 the hft faceJhte emerges. ^^| 


^^^H 9 


at Lsndon^ immerlion of the centre^^H 




doubtful, becaufe the limb of the^^| 


^^^^H 


moon was not well termiaated* ^^| 


^^^H 30 


beginning of the emerfion. J^^^ 


^^^H 10 gi 


30 Jupiter is intirely emerged. ^^H 


^^^H 9 32 


30 at Greenwich the limb of Jtipitsr^^^k 




touches the moon. ^^| 


^^^1 


42 Jupiter intirely hid. ^^H 


^^^H 3° 


30 A little part of 7«/ffVfr emerged, '^^| 


^^^^^1 1° 


36 Jupiter inxxctAy^mox^zA, ■ 


^^^^^H 19 


56 at Nuremberg by M. Zimmermam^^M 


^^^^^H 


Jupiter touches, J^H 


^^^^1 10 30 


47 Jupiter intirely hid. '^^^ 


^^^^H 11 22 


5 [ Jupiter intirely emerged, ^^M 


^^^^^H ] I 25 4^ [he faceliite which is in the middle of^^H 


^^^^H 


the three emerges. ^^H 


^^^H 


6 the third fatellite emerges. ^^H 


^^^^H 10 zo 


50 at Nuremberg by M. iVurtzelburg ■ 


^^^^H 


Jupiter touches. ^^H 


^^^^H 10 22 


Jupiter hsXfccW^k^, ^^f 


^^^^1 JO 22 


30 Jupiter wholly hid. ^^H 


^^^^^B II 19 


40 Jupiter began to emerge. ^^H 


^^^^H II 


2o Jupiter wholly emerged. ^^| 


^^^^^^^^^^^mf * 


**^1 
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At 10 30 33 at Zfjj^f^, the limb of JttfiUr 
touches the mooti; 
31 4 immerlion of the centre. 
5- 31 33 J^pi^^i^ intirely hid. 

II 35 o 7a^/Vi?r entirely emerged. [T'^^r^ 

« iff re tfa error of the prs/s.] 
ti ^9 ^tDmizkk^ the limb of 7«j»^V«r 
touches the moon. 
7 54 iiDnierfion of the centre. 
S 39 Jupier intirely hid. 
II 49 15 beginning of ihe emerfion* 

50 o emerfion from the centre. 
II 50 45 total emerfion of Jupiter, 
^42 13 at Avignon^ immerfion of dis 
centre of ya^/;«r. 
^,,^lo 45 26 emerfion of the centre. 
By the firft obfervation made at Par/j, 
4rid at Greenwich^ when Jupiter touched 
fche moon, they find the difference of the ^ „ 
meridians between thcfe two places 9 20 

By the total immcrfion -=■* 9 Zi 

When a part of Jupiter was emerged 9 10 
When Jupitsr was entirely immei^cd 9 34 
•f By the obfervation made at Paris, and 
KtLondeny they find the difference of the 
meridians between thefc two cities, when 
Jitpiier began to emerge — ■ * 9 5^ 
I When he was intirely emerged 10 o 

' By the obfervation made ai Nuremberg 
by M. Wurfzelbaurg^ they find the difi"e- 
rence of the meridian between Paris and 
that towri when Jupiter touched the moon 35 go 

By the central immerlion iS o 

When Jupiter was intirely hid 34 45 
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When Jupiter began to emerge 34 55 

When he was entirely emerged 35 o 

M. Zimmerman's obfervation gives a difference 
of fome feconds which probably proceeds from the 
manner of regulating the clock. 

By the obfervation made at Leipjtck^ 
ihey find the difference of the meridians 
between Paris and that town, when Jtf- 
f(/^r touched the moon —— 40 10 

By the immerfion of the centre 40 o 

When Jupiier was intirely hid. 55 50 

By the obfervation ,jnade at Dant- 
zick, we find the difference of the 
meridians between Paris and that 
to wn , when the li mb of Jupiter touch- f, 
cd the moon ' 154 

By the immerfion of the centre of 

Jupiier I 4 44 

When Jupiier was intirely hid i 4 39 

When Jupiter begun to go out of 

the moon ^— i 4 55 

By the emerfion of the centre i , 4 40 

.f ■ By the total emerfion ^- — i 4 15 

As for the obftrvation at Avignm^ it would be 
ufelefs to compare it with that which has been 
made at Paris^ there being probably fome er* 
ror in the time marked by the clock, fince the 
difference between the hour of the immerfion from 
the centre of Jupiier into the moon j and that 
which was obferved at Faris^ is only two mi- 
nutes. 



h. 



Taking 
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Taking a mean between 
the differences of the meri- 
dians which reflilt from 
thefe obfcrvations, we (hall 
have the difference of the 
meridians between Paris h . 
and L§ndsn — 

Between Paris and the 
obfervatory at Gremwhb 

Between Paris and Nu' 
temberg 

Between Paris and 
Leipfick 

Between 
Danizick i 4 43 



9 55 to the weft. 
9 25 ' 



— ~ 35 ^ io the eaft. 



— — 40 

Paris and 



Ediffe ef Jupiter hy the moon^ chfetvei at 
Avignon, London, and Totteridge, May 
tbsytht 1*686. 

J 5 Z7 23 zt Avignon^ immerfion of the centre 

of Jupiter into the moon. 
16 28 24 emerlion of the centre, 
'-i-5 5 30 at ^citeridge, beginning of the im- 
merfion ot Jupiicr into the moon. 

The latitude of Ttf//tfrfV^£ is ' 5' 39 

r Apd according to Dr, HaiUj, this place is 
25 feconds to the weft of Lendont and is 9 miles 
diftant from it. 

'■ ' /' 
J 5 49 o zt London, total emerfion of yAtpiVw. 
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Although the obfervation at Avignon 
was made when the centre of Jupiter en- 
tered irito the moon, and when it went out, 
we may however compare it with thofe 
which were made at I'otieriflge and Lon- 

,\d{»f at the beginning of the immerfion, 
and at the end of the emerfion^ by th? 

, means of the diameter of Jupiter which , ^ 
was then — ; o 50 

By the firft obfervation we find the 
difference of the meridians between ^x^rf- 
-Tion and Totteridgi 20 1q 

By the emerfion of Jupiter obferved at 
'I^nkkUt we have the difference of the 
meridians between Ayignon and Londm 19 20 

Jf we Ibbftraft from the difference of 
the meridians that we have j lift found be- 
tween Avignen and ^Qtkridge, 25 fcconds, 
by ^high Totteridge is more wefterly than 
London, we {hall have the difference of 
the meridian between Avignon and I,op- 
4ffn ■ 19 55 

. Taking a mean between the differences 
which refult from thefe obfervations, wc 
ffiall have the difference of the meridians 
f between Avignon and London — 19 40 

From which if we fubftradt the difft- 
rence between London and Paris, which 
WC have found by the obfervations of the 
fateliites oijupiierj, to be *^ g 40 
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We ihall have tlie di&itiiGe Of t^ ' ' 
^leiidiaos .tKCweea Tarts and Jvanua, 
6f MdiAinffioit is in6n to the tm ro o 

TIus difieieoor agitet witl^ that which 
we have found by die oriangles of the 
m«ridiaQ . 555- • •-f^ iO .if 
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O F T H E 

^VAPERS contained in tBe Abridgment 
of the History and Memoirs of the 
Royal Academy of Sciences at 
Paris, for the Year Mdccxii. 

In the HISTORY, 

I- T T PON beis. 

II. U On the progrejfwe moiim ef fomejheU- 
fijhis^ or fea-ammals. 

III. On the declination of the neeHi. 

IV. Of a cavern which is exceedingly eold in fum* 
mer. 

V. Of afpnng 'vshuh makes the teeth drop out. 

VI. Of the rijlng af the fsa in thejtreights e/ Do- 
ver, -when the tide ebhs^ 

VII. On the principal organ ofvifmh and en thg 
, Jtru^ure of the opiie nerve, 

"Vlil. On the experiment of the ^es of the ea^ 

immerged in water. 
IX. On the re-preduftisn of fome parts of cray^ 
fifhci^ hhJierSi &c. 

In the MEMOIRS. 

I, Obfervations on the rain^ and upon the thermO" 
meter and barometer at the roysl obfervaterj 
during the year 1711, by M, de la Hire, 



W. 



A TABJ.E, ^c. 167 

II. A comparifon of the ol>fervations made at 2u- 
^v^ en the rain, ami on t^t ^artnietet^ w^b , 

\.tbt'fkreg9iitgi dnringHbe fame yeaf. ^ *^ - 

III. Of the flux qndrefiux of t^efea, by M, CaC- 
fini the fan, • -^ ^ 

IV Reflexions on the ohferpations of the haror^(t(i^ 
taken from a letter wtttten.fromV^^ ink^wt- 
den, hy M. Vallerius, direSor pffeveral pnnes 
cf 4opper in tbefe parts, iy A4i deU Hire /i&tf 
fan, •'■■■ .../:. 

V. A continuation of the ohferoations on the he- 
zoar^ Ify M. Gtq^i, Jffn. 

VI. A machine to dif engage the borfes ahfolutdy and 
at asset from a coach, when they are htad^tiipng 
and run away, iyM,^\sLHiMihefoni J. 

VII . A comparifon of the shfervations i^tik eUiffe 
§f ibeaoon, ]m, 2%^ iy2^, in the e^mttgi, 
made at .Nur^ber|f, hy J. P. Woorfettavr^ 
aadat-^im, at this royal okfervafory, fyA(bf. 
deJaHiiic. . .'..,.-.> 
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ABRIDGMENT 

OF THE 

Philosophical Discoveries and Ofi- 
sERvATioNs ifl thc HisToRTT of the 
RoVAL Academy of Sciences &t 
Paris, for the Year 1712. 

I. On Bees, 

THO' the reputation of bees is very andenf, 
and weJi eftablilhed, yet they have not 
been thought fo wonderful as they realiy are j 
and we may fay of thetn, as we fometmies fay of 
perfons of merit, that they improve upon being 
acquainted with them. M* Maraldi, who hu 
obftrved them for many years, with attention, 
and diligence, has given a very advantageous and 
circumftantial teftimony concerning them ; which 
we fhall reduce to the points of greateft impor- 
tance, and the mofl: eafy to be undcrftood. 

The bee gathers both wax and honey from 
flowers, but not with the fame organs. As thc 
honey is a liquid fubftance, which exudes from 
the flowers by tranfpiration, the bee fucks it with 
a tube from the bottom of the empalements, and 
attacks only thofe where the empaJement is not 
too deep for the length of its tube, when it is at 
fijll ftretch J for it is bent double when the bee ia 
not gathering honey. The liquor fucked up by 
this" tube, is drawn into a little bladder, tranfpa- 
Tent enough to ftiew the colour quite thro'. Part of 
it ferves for the nourilliracnt of the animal, and is 
1 diftri^ 
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diftribuced into its veffcls. We fhalJ fay what be- 
comes of the other in its proper place. As Ibr 
the wax» which is the duft of the fummits of the 
flowers, the bees take it with tlieir fore-feet, and 
put it into a little cavity, which they have in their 
hinder- feet. They often fqueeze and preft it witll 
their feet, -not only that they may huve room for 
more, but alfo to reduce it into a fitter form for 
being carried away. ScrDetimes they roll chem- 
lelves upon the Bowers, when they are wet, to 
carry off little particles of wax, which will ftick 
to the hairs that Cover their whole body, and lb 
load themfelves on all fides. 

When the bese is returned to the hive with its 
harveft, it either unloads itfclf in an inftant j or 
if it is not able, is fure to be afTifted by others. 

The deCign of gathering the wax, is to form 
that wondertul ftrufture called a comb : it isfor 
this, that the bees have always been admired ; and 
are ftill more admirable than has been imagined. 
The hexagonal figure which they give to the cells 
of their comb, would be worthy of the belt geo- 
metricians, who know that any number of thefe 
figures fills a fpace widiout leaving any void i and 
that this figure alfo^ which has that in commoQ 
with the fquare and equilateral triangle, has cer- 
tainly the advantage of containing a greater fpace 
in the fame circumference. And befidcs, of all 
the geometrical w.iys of working, they have 
chofen that which is at fhe fame time the moft 
Hmple, and the moft convenient for them ; and 
coalequendy they have rnade a very Ingenious 
choice. 

Though there feems to be nothing in a hive, 
but a continual and irregular agitation of feveral 
thoufands of infedsj flying about at random, yet 
there is in reality a great order j but it muft be 

Z flrudiad 
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iludied with care. The labours are diftributed sa 
among the beavers. Some bees bring wax be- 
tween their two jaws, and perhaps they pour oiic 
fome llqaor upon it, which dilutes and fofccns it ; 
fometimes the fame bees raife from this wax the 
little walls of the hexagonal cells i fometimes 
others have this o65ce j bur, in Ihort, ihofe which 
raife the cells are not thofe which polifli the 
work i they arc fucceeded by others which arc 
commiflloned to make the angles more exaftj ro 
fmooth and polifli the furface, and to give the 
laft hand to every thing. And as this cannot be 
done without cutting off* fome particles of wax, 
and as the bees are extremly frugal, fome take 
care to carry away thefe particles, which we may 
be fure will not be loft. M. Maraldi has ob- 
ferved, that the bees which raife the walls, work 
lefs time than thofe which polifh them, as if the 
labour of polifhing was the leaft fatiguing. 

Their diligence is extreme. A comb of a foot 
in length, and 6 inches In breadth, containing 
near 4000 cells, is finifhed in a day. For this, 
however they muft have all circumftances favour- 
able. 

They fiiften one comb to the top of the hivci 
from whence they work downwards, provided the 
top is not a moveable lid ; for if it is, they will 
perceive ir, and faften their comb elfe where. It 
is not properly wax that they faften it withal ; 
they are very fparing of that, and make ufe of a 
very coarfe glue. 

As the combs are planes perpendicular to the 
bafe ol the hive, which I fuppoie to be circular, 
if there was one of them, of which the bottom 
was a diameter, or ati intire chord of this bafe, ic 
would cut the hive into two parts, which could 

The bees iorz- 
fce 



have no communication together. 
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ifec this iftconverience, by not making their combs 
of Co great an cxteot, and leaving between two 
neighbouring combs, which are almofl: in the fame 
plane, a fpace by which two bees may pafs a- 
breaft, They alfo leave fome openings in each 
comb, that they may not be obliged to go fo far 
about. Here is a city built with a great deal of 
skiU. 

The cells of the combs are intended for two 
ufes. I. Tlvey are their magazines ; they referve 
in them the honey, which is to be their nourifli- 
ment in winter. For of that which they take 
upon the flowers, and which enters into the ve- 
fide that we have fpoken of» there is but a fmall 
part which fefves for their a6tual nourifiiment, 
they throw out the reft when they return to their 
hive, and make provifion of it. Befides, they 
keep in ihe cells already made, the wax which is 
to be ulcd to make others ; or to Icrve for any 
other purpofe. 

2, The cells are the cradles for the young ones, 
But whence do thefe young ones come ? It is one 
of the gpeateft difficulties relating to this fubje<5l 
to make the difcovery. 

The fabulous traveller who fpeaks of a. nation, 
where there, is no diftiniflion of Jexes, and where 
he could not difcover how generation was per- 
formed, might have taken this thought from the 
bees; and Virgil was not in the wrong to praife 
their chaftity, or even to believe the fable of the 
bull, for want of a better. In a whole hive com- 
pofed of 8 or 10,000 bees, there is but one per- 
haps which breeds. It is longer, and of a more 
Jivdy colour than the reft ; it has a grave and a 
Jblemn deportment, and is what rhey commonly 
call ihe king. There are fomecimes 2 of thefe, or 
itaioft 3 ill a hive, which has caufed a fufpicion, 

Z 2 that 



I^a 7^^ History ^nd ME^^oftiy tBe 

rhat the prjvi ledge of generation belongs only to 
toe, for it appears from M. Maraidih obferva- 
tions, that it belongs only to this royal fpccies. 
The whole body of the people is condemned to 
bafTtfinefs. 

Moft commonly the king breeds his young iti 
fech parB of the hive where he cannot be ob- 
ferved ; but when by good fortune be makes 
dioice of others more expofed to view, it is ftill 
gencraMy very difficult to fee him, becaufe the 
bees draw a curtain before him. This curtain is 
their ownfelv^s hung from top to bottom, and 
hooked £0 each other by little hooks that they 
have in their feet. By this means they can make 
fuch figures in the air as they pleafe. The king 
conceals hi mfelf thus ', cither out of care for his 
young, or perhaps through modefty 5 for there is 
inothing that we may noc imagine of the bees. 
But however he has not always been able to efcape 
M. Maraldt^z eyes. He has perceived him to be 
followed by a courtj moving with his folemn air, 
and depofiting in 8 or 10 ceils, one after another, 
lo many little white worms, which are afterwards 
to be changed. to bees. Whilft this is doing, it 
appears by fome particular motions of the bees 
which compofe his retinue, that they carels, ap- 
plaud, or encourage him. After this he retires 
into the inner part of the hive^ from whence he 
leldom comes out. 

By I he S or 10 worms, which he depofits one 
after another, in the little time, and in the cir- 
CLimltanccs that have been obferved, we may 
judge of his fruitfulnels during the reft of the 
time, when he is not perceived ; that is, during 
almoft ihe whole year. If muft needs be prodi- 
gious. A'^^hea he is fingle in a hive, which is 
Hioilufual, he is the only one that produces : there 

comes 
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comes ouc of this hive in the compafs of 3 year, 
one fwarm at leaft, which may confift of 12 or 
15,000 bees I fometimes there come out 2 or 3 j 
and yet it is as full at the end of the fumrner, as 
it was at the beginning of fpring. A new fwarm 
therefcM-e, if it is ihe only one of tlic year, muft 
confift merely of the king's family, fuppofing 
there are none but young bees in it j and if there 
are any old ones in it, there remains in the hiv« 
an almoft equal number of the young onra, which 
were produced by the king, which comes to the 
feme thing. It is not probable that the king 
which comes our of the hive with the new fwarm, 
has produced any pare of the bees which accom- 
pany him. But if there comes ina year more than 
one fwarm out of a hive, they muft ftill be new 
produ^ions to be placed to the account cjf the old 
king, unlefs for fear of carrying his fruitful nefs 
too far, we fhould fufpeft thit he has produced 
more than one king j that there went out but on« 
with the firft fWarm, and that the other, or two 
others remained jn the hive, and produced their 
young. If this be fo, a king may come forth 
with an entire new fwarm produced by himfclf^ 
and fo be literidly the fither of his people j whereas 
the other kings will only be the brothers, becaufc 
they came from the fame bee. Which way fo- 
ever we take it, they have this particular privilege, 
ihat their king is given them by nature herfelf* 

It remains to inquire from whence his fruitful- 
nefs 11 derived, and whether it is from any copu- 
lation. There h hjrdly any hive wherein we do 
ncc find fome drones, and fometimes leveral hun- 
dreds of ihem. They are made like the bees, 
onJy they arc about f longer and thicker, and 
have no ftlng. They have none of the laborious, 
fcmper of the bees, and remain abfoiurely idle. 

They 
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Thqr go very little out' of the hive, unlefs in 
very fine weather, and return again without brrng- 
iBg any thing with them. Not bu: that their ve- 
ficle is filled with honey » but they arc fufpefted to 
have robbed the hive of it, becaufe they are not 
feen to fettle upon flowers. And even if they 
fhould go to gather any, it would be only for 
themfe!ves> and not for the publick good ; for 
M. Maraldi has found, that upon Iqueezing their 
veliciej there catnc no honey out of it, as there 
does "out of the bees; and fo the drones are not 
capable of throwing it out again. We might ima- 
gine theft animals to be the males of the great bee 
er king j and that they are fuffered in the hive onfy 
becaufe their jdlenefs would be fufficiently recom- 
penfed by this important furdtion. And what 
would fupporc this opinion, is, that at the end of 
the fummer the bees make war upon the drones 
u-itboot mercy, kill them, or drive them out of 
the hive without quarter, fo that we do not know 
what betx)me3 of them afterwards. One would 
think that the caufe of their misfortune might be 
their being become abfoluteiy ufekfs, becaufe 
they do rot perform the work of generation in 
winter. But what cnufes a great deal of difficulty 
is, that M. MaraUi has fcen fome combs without 
drones in fummer, and at a time when the cells 
were well fupplied with little worms. 

The myftery of the generation of bees remains 
therefore pretty much concealed, but the care 
which they all take in common of their young 
ones which they have not brought forth, and 
which belong only to their king, is very vifible 
and remarkable. They feem to be rcguded as 
children of the ftate. They give each hrcle worm 
in its ceil fome drops of liquor for its nouriJh- 
jnenr, and then make a waxen cover for the cell. 
I Thtfc 
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Thefe difFerenC operations have iheir regular times, 
andarewiihout doubt for the ufcs of the cmbyron. 
We leave the particuJars of this to M. Maraldi, 
as alfo thofe of [he fucccflive growths of the worm, 
which being at laft changed to a fly, piercts 
the lid of its cell, and after continuing lomctinic 
in a languid ftate» flies about with the relt. It 
h remarkable, that the bees carry their frugality 
•to fuch a lengths, that they wili not fulfcr tliis 
broken lid to be loft:. They take up the wax, and 
carry it into the common magazine^ to be ufed 
anewi at the fame time they give the cell ics re- 
gular figure, if it has been altered, and put it in a 
condition to icrve again for the fame purpofe, there 
have been worms fometimes running in the fame 
cell, it! 3 months time. 

The drones proceed from the king as well as 
the bees \ there are in the combs cells larger than 
the reft, intended for the worms which are to 
change to drones, and confequenrly require more 
room i thefe worms are produced by the king with 
tiie fjme ceremony, and afterwards treated by the 
public with the fame care, as thofe whtdi are to 
be bees v all is equal *dll the end of fummer, but 
when the time is come for the bees to dccbre war 
againft the drones, their fury extends even to thofe 
which are yet but worms j they break the lids which 
they themlclves had put over them, and pull them 
out to kill them, and throw their little carcaflcs 
out of the hive»a change very difficult to be com- 
prehended in fo wife a nation. 

We omit a great many particulars related by M^ 
Maraldi, to mention all the wonders of this infcft 
would carry us too far ;and how many infe<5ts have 
their wonders yet unknown ? and how many others 
have theirsi which will be unknown for ever ? 
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An (xplanation of the figures in plate IV. 



Tig, I. The king, or ^^cher queen of the J>eeS 
in its nitural bignefs. 

2. The drone in its natural ftate, 

3. The bee in its natural ftate. 

4. The trunk of the bee extended in length, 
a»d larger than nature, with the 4 branches a 
little feparated from one another to fliew ihcm 
the better. 

5. The head of the bee to fhew its jaws. 

6. The leg of the bee magnified, detached 
from the body of the bee, and loaded with wax. 

7. The bafeofthecell in a horizontal fituadon, 
to fhew more plainly the figure of the e^ imnrkc- 
diatcly after it is laid, and in what manner it is 
ufualiy placed upon its bafe. 

S, The bafe of the cell in its vertical and natu- 
ral fituatlon, with its egg changed into a worm 
or maggot, and furrounded with a fmalj quantity 
of liquor 4 days after it is hatched, 

9. The worm inlai^ed 8 days after it is hatch- 
ed. 

10. The fame worm 12 days after it it hatch' 
ed, having changed its figure and lituation. 

11. The fime worm changed into a Chrxfalts 
larger than nature. It reprefcnts the bee while it 
is yet white and foft, 

12. Tire figure of a cell detached from the reft 
and feen on the outTide. 

13. A part of a comb which fliews in what 
manner the cells are ranged in the two oppolite 
faces of the comb. 

14. A piece of comb which reprefents the 
cells feen on the infide, with the apertures 
Ilrengthened with a rim. 
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15. Several cells from which the fides have 
been taken off only to fliew their bafes. This 
figure fliews how the bafes are ranged with regard 
to each other ; and iti what manner the two or- 
ders of cells are formed in the 2 faces of the 
comb. For the angle A reprelents the concave 
folid angle at the bottom of the cell In one face 
of the comb ; the angle B, and the others of the 
fame order Ihew the folid angle which is convex 
in the fame face of the comb, but concave in the 
oppofite face, and is found at the bottom of the 
cell oppofite to the firft. 

16. Reprefents a canal, the origin of which is 
at A» where the 4 ghndulous bodies are, and us 
excremjty in B. 

17. Reprefents a part of the fame canal much 
larger than nature, to fliew more diftinftly the 
two wings which are at A, the bag B, and the 2 
ligaments CC. 

iS. The bag A larger than in the preceding 
figure, todiftinguifli thofe folds in which the fe- 
minal matter palTes. 

19. Is the fame portion of the canal as in 
Jig, ] 8 . but feeti on the other face, where are the 
5 portions of black rings, and of the confiftence 
of horn, which embrace a part of the exterior cir- 
cumference of the canal. 



II. On the frogrejjvue motion of Jome JkelU 
fijhes^ or fea-animals. 

This is the continuation of a fabje£t begun in 
the hiftory of 1710*. Natural hiftory is immenfe, 
and that part of it which is expofed to our eyes. 



♦ See vol. III. page jzi of dits abridgment. 

Vol. IV. N^. 39. A a 
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is nothing aJmoft in comparifoD of what is more 
concealed, and cannot be difcovtred wicKout a 
great deal of time, leifure, patience, 0dU, and a 
fort of eyes which every body is not endowed 
wich. 

The razor-fifti is an animal indofed in a fhell, 
almoft after the fame manner as a knife or razor 
is in a round fheath. This fliell is formed of 2 
halves of a holJow cylinder, cut along its ajf/V, or 
length, and thefe two pieces are joined on both 
fides by a membrane which fulfers them to re- 
cede a little, aod approach again. The animal 
which inhabits this cylindricitl ihell, keeps itfelf 
always plunged perpendicularly in the fand, but 
always with its head uppermoft. Its head is dif- 
covcred, not by its (hapcj but by two tubes, 
which receive and rejed the water neceilary for 
its fefpiration . The purr which was mentioned in 
the place above quoted, and feveral other lliell- 
fiflies or fea-animals have fuch tubes. The I6wer 
part of the razor- fifh is that which ferves for its 
progreflive and perpendicular motion, for it oi>Iy 
plunges ilfelf into the fand, or raifes itfelf a 
little above it. For this purpofe it has a fort of 

'leg which it thrufts out of irs fhell when it pleafcs, 
and it is tylindrical quite to its lower extremity -, 
or, when it is thrufl; out, it becomes a fort of ball, 
the diameter of which is greater than that of the 

"cylinder. If the razor-fifti has a mind to plunge, 
it thru 11s out (his whole leg, and confequently en- 
gages in the fand the great ball which terminates 
it, then it contrafts the leg, the extremity of 

• which being engnged in the fand by a great iur- 

face, does not find it fo eafy to rife again, as the 
(hell does to go down. If the animal would raifc 
ititif, it only thrufts out at firft the part which is 

r^ to 
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to become a ball ■, and then it endeavours to pro- 
long the fell of the ]eg» or cylindrical part^ and 
thruft ic out, and this part refting upon the ball, 
cannot prolong it without making it go down, or 
pufhing the whole llielt upwards. But It is more 
eafy for the fhell to rife, than for the ball to go 
down f becaufe the ball refts upon the find by 
too great a furface. ' 

It is eafy to caufe thi;fe two motions in a razor- 
fifli. When the fea is retired, and has left the 
hole where ic lodges uncovered, which is eafity 
found by its lhape» we need only throw a little 
iait upon it, and the razor- fifli will immediately 
come half out. It is then eafy to take it, but if 
^ve would fee it plunge again into its hole, we 
need but touch it, and it is the farne thing, if we 
mifs catching hold of it. After this, it is in vain 
to throw fitlc upon ic, for it will not come out 
again. M. ds Reaumuty the author of all thefe ob- 
icrvationy, thinks it is its averfion to the fait thrown 
upon it, and its endeavour to Ihake it off, and 

fet fid of it, that makes it come out of its hole. 
'or he has found, that upon putting fak on thoffe 
tubes or horns, with which it refpires the water, 
thelittJe cylinders placed end to end, of which if 
is formed, fcparate at their joints which have 
been touched by the fait, and fall upon the 
ground, or need only to be touched very lightly 
to make them fall, which deftroys an organ very 
Ofccflary for the animal. It is furprifingthat fait 
jthould be fo injurious to an anim^lj which lives 
entirely in fak water. 

The dail is another fort of fliell-fifh, which is 

always found plunged in the ooze, or in iht bmche^ 

which is a fott ftone, but very hard in com pan- 

fon of the ooze j and M, d^ Reaumur proves it to 

Aa 2 ^ DC 
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be nothing but ooze hardened, and petrified 'by 
the vifcous part of the fea- water. The figure of 
the dail^ and of its hole, is almoft that of a trun- 
cated cone, the fmalleft bafe of which is always 
uppermoft, and confequently the dail docs not 
csome out of this hole. It mnft have gone into 
it, or rather hollowed it when it was young, 
and afterwards have plunged it in farther, and 
augmented it in proportion as it grew. This is 
its whole progrefllve moiion, which is only that 
of its growth \ and therefore can be only of an 
extreme flownefs. The inftmment with which 
it bores is a pretty thick partj and made afmoft 
like a lozenge, and it thrufts it out at the lower 
end of its flielL 

It muft be imagined, that M, de Reaumur 
made ufe of fome artifice to difcovcr thefc forts 
of operations, which are performed only in obfca- 
riry, and in fecret. It was by holding a raeoF- 
fifli in the air between his fingers, that he ia* it 
thrufl its leg out of the fiiell, and make the fame 
efforts that it would have made to plunge itfelf 
into the fand ; and it was by taking a daii out of 
its hole, and putting it into the ooze, that he fitw 
the aft ion of this part made like a Jozeiige, 

All the young dails are in the ooze, and all the 

old ones in bancbe^ which proves chat the bambs 

.is ooze petrified. Very often the upper and greateft •. 

part of the hole is banche, and the reft is o6ze.*' 

'We may plainly fee that the upper part, whicW^ 

receives the imprefllon of the fea -waters more *ain 

fiiy, muft be the firft that petrifies. It is highlyJ; 

■probable that the ddih Jive a long time, fortte't 

•change of rhe ooze into banche^ which is madci^ 

^during the life of a i^rt//, muft be made but flowly^*! 

and by infenfible degrees. '■.■ ^ -• 

^■Y- Th€ 
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^f'Tbc ^ail has alfo a tubes, with which, it takes 
in the water, and throws ic out again, and the 
length of ihefe regulates the depth at which it 
keeps, 

M, de Reaumur hasobfervcd a fea-ftar with $ 
rays, like that mentioned in i^^Hijlcry q^ 1 7 J o* i 
bill it has no leg^ Co thefe rays, and dilfers al- 
fo from the other in their being ftiaped like lizards 
tails, which is its charafteriitick. The 5 rays 
are themfelvcs the legs; (h& animal hooks two of 
them to the place to which it would advance, and 
traiJs itfclf upon thefc two, whitft the oppoftte 
ray bending itfelf a contrary way, and refting upon 
the fand, pufhes the body of the ftar-fifh toward 
the fame place. There are two others which re- 
main iifeleis, but they would not be h if the ani- 
mal had a mind to turn either to the right or left ; 
and thus we fee how it might go on ail fides with 
equal facility, only by ufing 3 of its legs or rays, 
and leaving the 2 others at reft. Perhaps alfo 
nature has given 5 legs to this animal, becaufe as 
M. di Reaumur his obfcrved, they are very brittle, 
and have occafion for a referve. - 

It is by a like mcdianifmi that the fea-urchin, 
or fea-hcdge-hog walks widi 2,100 fpines, with 
which its body is on all fides furrounded. It 
draws itfelf with thofe which are toward the fime 
place to which it would go, and puQi-es itft;]f to- 
wards the fame place with the oppofite ones, all 
(he others remain without action during that 
motion. Which way foever it would place its body, 
ic has legs to go in th;u poficion, Ic has the mouth 
however commonly downwards, that it may fe^*tl. 
Bcfides.its 2,100 fpines or legs, there ;i re 1,700 
hornst which arc of rh& ittme ufe to it as the horns 
to a fnail, or a ftaff to a blind man, to fed tiie 

^^*^$ct Vol. III. page 313 of this abridgmciit, 
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ground upon which it walks, and afterwards as 
anchors to a veffel to fix and hook it where it 
pJeafes. It is plain, that as nature has ice Its 
whole body round with fpines or prickles, the 
horns alfo ought to be prickJy, fince the one can- 
not be in a<51:ion withoucthe others. M. de Reaumur 
has fubverted afa£t related in the Hiftory of 1 709*, 
on the credit of an able man, which however was 
falfe. This difficulty of obfcrving obfcure or 
complicated things fufBcicntly juftifies fome mi- 
ftakes ', but if miltakes were inexcufable, it woult) 
be ft ill more inexcufable not to acknowkdge 
them. 

A!% Explanation of th& figures. 

Tlate IV. fg. 20. reprefcnts a heap of fanq^ 
GGGGKKK, which muft be imagined to be pro- 
longerl a good deal below KKKj in this heap are 
the figures 2o> 21, 22. 

Fig. 20. reprefents the aperture TTTT, £^f. 
pf the holes of the foleo, called in EngUJb the 
flieath, brrazor-filh. 

Fig, 11. Hiews a razor-fifii riflng above the 
fand» after the fiflier has thrown fome fait into the 
apsiture of one of the holes T, the flefhy part OO 
is then purfed up, 

Fig. 22. Ihews a razor-fillirifing without coiT?- 
pulfion above the furface of the fand, to rcfpire 
the waters ^he part which then comes out pf the 
jheli, feems to be compofed of 2 tubes fet clofe 
together, AHC, aHc, the firft is bigger than the 
fecondj Aa are the apertures of thefe tubes, which 
iiiOO, /j-, 2t, fcem almoft dofed, becaufe the 
animal would willingly hinder the entrance of the 

• VcL III. Page 16s of this abridgmcEt- 

fah. 
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fait. CC, HH, ZZ, reprefent the places where 
the di/Fcrcnt portions of which the part Aa, CC 
is cotnpofed, are united together. 

Fig. 2^. is the part Aa, CG, offJg. 22, which 
we muft: fuppofed to have been detatchcd by the 
fair, applied at CC, Bb is the part which reftcd 
upon CC, 

Ff^.24.. is arazor-fifli kid upon the fiitid *, here 
We lee how it prepares itfelfto begin its progrcflive 
motion. P is the extremity oi the leg, which 
comes out of its fheJl» and is then flatted. In the 
fame figure MM mm fliew the niembrtine, which 
on one fide is fattened to the edg?s cf the 2 pieces 
of the ihell ; towards LN there is another mem- 
brane, which joins together the two other edges 
of the fame pieces, but this membrane could not 
be fhewn here, it appears in j^. 25. 

~_ 25. fhews aifo a razor- fifii laid upon the 
fandj bm on another fide than that of ^. 24, at 
Listhcfpring like that of the (hells of oyfters, 
and mufcles, which fallens the 2 pieces of the razor 
fifh together; from this fpringto theother extremity 
NN of the fhell, there is a membrane LNN made 
in form of an ifofceles triangle ; at R is the leg of 
the razor-fifh, already plunged in the fand, and 
hooked. 

Fig^ 26. reprcfents a razor-fifh, which is ready 
to m.ike one ftep to plunge irfeif into the fand, 
CCCC mark the (hell", from the lower aperture 6f 
this fliell proceeds the leg IRP, of which the part 
IR is cylindrical, at the end oftliis cylinder is the 
part P, which may be called the button of the leg, 
at 00 are the fame 2 tubes, but more contrafted, 
which appear at A a, Fi^. 22, 

Fig. 27. is a razor-fifliof which the inner parts 
art fhcwn, for it has been opened, after ha%'iflg 
ciit the membrane MMmm of/^, 24- in two, this 

very 
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very membrane is here wrinkled as may be leen in 
MmMm ; and its I'priiig alfo endeavours to fold 
it. L is the place where the leg LP is fufpended, 
which here has a very different Form from that un- 
der which it appears in fig, 24, 25, 5c 26. It is com- 
pofed of circular and longitudinal fibres, which 
ferve to lengthen and contrail it, to thicken and 
flatten it, according to the occafions of the fifii i 
at EEII appears the membrane or membranes 
which form the tubes AHC, aHc of Fig, 22. 
here they are folded, which is probably their na- 
tural flate. 

F}g. 2S. is that of one of the fiiell fiflies called 
in French Daih, taken out of its hole. AGP is 
one of the two pices of it s Ihell, at ED iathe e- 
Jaftic ligament, which faftens the two great pieces 
together j DB is a third piece of the ftell much 
fmaller than the two others. At AlCF is drawn a 
flelhy tubular part, which the animal prolongs or 
contracts in different circumftances j tho* it leems 
to be but one fingle tube, it is in Ibme fort com- 
pofed of two different tubes ; a membrane, of 
which the extremity appears in C, like a fort of 
partition, divides the tube from one end to the other 
into 2 equal parts j the bending AGP is called the 
bale of the fliell, the animal however never rcfts 
upon this pare of the Ihell j and it is called the 
bafc only becaufe it is oppofiteto the elaflic Jigj- 
ment ED^ and becaufe in another memoir, to cx- 
prefs ourfelves in a convenient manner, we have 
given the name of the bafe of the fhell» to the part 
oppoDte to this ligament. 

In^. 29. is reprefented a bit of ftone or haftche^ 

inhabited by the dails -y this bit often confilU of 

ftone from QQp^ to III, and the reft of ooze; 

00, ^c. are tJie apertures by which the dails fend 

5 out 
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©ucthe fldhy tube, which, they make ufeofto" 
iTe/pire the- water» at TTK there are ibme of tbdfe, 
fleihy tubes out of their hole. The ^ail^ of which we 
fee the end of the tube K, appears placed in m hole 
as, it is there, naturallyj half the fides of this hole 
is carried away, the part AALLHHPP is die 
partoppofueto the part FEDB of i^j^. zS j LLHH 
is a membrane, which joins together the two great 
pieces of the fliell; S is a flefliy part^ with which 
it hollows the ooze, ZX is a hole of a younger 
dail than the dail K A A PP. V is the hole ot an- 
other daily of which we fee but a part. 

Fig^. 30. ABCDC is a bit of ooze placed ho- 
rizontally asit was in the bottom of the fea. CDFE, 
JFEGHi ^<^- are dihrercnt horizontal lamina^ into 
which the bitofooze divides in drying. 

Fig. ^i. reprefents the lame bk of 00?^, a? 
fg. 3. but placed in fuch a manner, that the fur- 
faces are vertical, which at the bottom of the fea 
.were horizontal ; ilie dtlFerent lamina alfo, into 
which it divides, are in a vertical plane. 

Fig. ^z. reprefents one of thofe fca*fl:ars, which 
-we have called Jiars wiih rays like lizards tdils, 
lecn on the upper part. PTTRR are the rays of 
this ftar. ABDCE is the mafs of its body, or if 
J may fo fpeak^of its back. The letters MM fiiew 
ibmeof thofe extremely narrow membranes, which 
xhe ftar agitates in the water, and are hidden when 
it is out. 

• Fig. 33. is the fame ftar reverfed, its rays or 
Jegs, and its body are marked by the fame letters 
with (he preceding figure, that it may be feen 
underneath s at S is its mouth or fucker. 

Fi^. 34. reprefents the skeleton of a lea- urchi-a 
,or fea hedge-hog feen above \ O is its fuperior a- 
.perturc. The XTTTT mark the five great tri- 
angles, filled with the eminences, with which its 
1 Vol*. IV. N«. 29. B b furfacc 
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ibrface it adorned, Thettttt mark the five 

fmall triangles, and the lo B*smflrk the perforated 
lifts, which feparate thcfe triangles otic from an- 
6th«r. At mM one of thefc eminences, or Ap&^ 
pbyfes which are upon the skeleton is reprefented 
.larger than nature, 

Fig. 3 5. is the fame skeleton of the lea-urchin 
feen underneath} the aperture H is k$ mouth, at 
DD appear two forts of boney rings, out of each 
ring proceeds a tooth of the anima), and each erf 
its teeth is a!fo inclofed in a boney Iheath, • 

In Fig, ^6, is apiece of the upper fur face of th§ 
fea-urchin, reprefented larger than nature} that 
the difpofition of the lifts of holes may appear bet- 
ter, and that the order of the holes, with which 
they are filled, may be perceived more diOtinSly. 
6B are two of ihefe lifts, which are at the {Ida of 
a fmall triangle t •, each lift B is formed of tw& 
different rows of holes, fome RR are compofcd of 
four holcj, and the others S have but two, T k 
the great triangle, which follows the lift. 

Fig. 37, is alfo a skeleton, but a part of it has 
been taken off, to ftiew the infide i we may ob- 
lerve in it the fame diftribution of the great vod 
imall triangles, and of the perforated lifts j wc 
luve alfo marked thete parts with the feme let- 
ters as in the preceding figures; but there doe* not 
Appear upon this inner furface any of the ineqtifr> 
Jities which are uponfg. 34, 35. 

Ffg. 3S, reprefents a fea-urchin in motion, the 
letters EE,fc?f . mark the fpines with which it draws 
tfetf towards EE, fc?f, and KKK fome of the fpiiKS 
with which it pufhes itfelf towards the fame fi<l«» 
th<; letters eeee are much fmaller fpines s CCC,C5?r. 
-are the horns wkh which it feels the bodies thac 
prefcnt themfelves in its way. It may bcobJcT' 
vcd Uuc the fur/iace of this iea. urchin is in fome 

nacafure 
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sneafure divided into dil^rent trii^ngles, like its 
skeleton. 

JFig, 39, fliews a fea-urcbifi at reft ; it is rever- 
fed; its mouth appears at BB, fiwniflied with fiv? 
teeth i at CCCCC there are feveral of its hornp 
ftuck againft the ftone PPj I is ^ horn fcparaced* 

III. On the declination of the needle ytranjlatid 
by Mr, Chambers 

M, HtUfieVz^ conimunicated feveral obfervations 
on the variation of the needle* whicli had been Cent 
him by intelligent pcrlbns, from different parts of 
the kingdom, the refult whereof is : 

I ft. That the variation is continually greater 
to the eaftward of Parii^ and fnialler to the weft- 
ward. 

adly. That from St. Msle to GemvOy whieji 
may be taken for the two extremities of Francis 
m refped of longitude the difference of variation 
is only 1° f. 

gdly. That the variation which is now nof th-wcft 
and incrcafcs every yearj has incrcafed at Geneva 
much after the fame rate as at Paris . From the 
year 1703 to the ytar 1711, that is about 15' 
every year, and even that an irregularity obfer ved 
at Paris in 1710, when the variation only In- 
creafed 5% was alfo fojnd at Geneva^ 

4thly. That from 170610 1711* the variation 
has increafedat fever-ildties ia Franci^ much af- 
ter the fame manner as at Paris* 

To fee fo many appearances of regularity fo 
well maintained, 'tis hardly poffiblc to relift the 
expedation of a theory to come, tho* the example 
of feveral crude attempts, which have already been 
made, muft indu£e u& to have pati^ce *tiU a f^f- 
B b 2 Ecienc 
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ficient number of obfervaEtons have bttn made i 
M. Delijie has given a little hiftory of what has 
paffed among the learned on this occalion; we iTiall 
here only give a ihorc abridgment thereof, and 
the rather as a great part of what can be f&id on 
this head, is already found in the notes of Father 
Couye^ printed in the memoirs for the year 1692, 
It may fuffice for our prefent purpofe, to relate 
what additions M. Delijie has made thereto, whether 
they be hiftorical or philofophical. 

The attradVive ficulty of the load-flone was 
known by the ancients, but chat other power 
■whereby it points towards the pole was not known 
'till many ages after, the earliefl: author who fpeaks 
of it being a French poet of the thirteen century, 
*«nd its variation came 300 years after; the firft 
who publifhM this was Cabot to^ a Vemtian navi- 
gator in 1549^ tho* M. Ddijli has a manufcript of 
a pilot at D;V/»^f, called Crigmn^ which he dedi- 
■cated to the admiral Cbabot in 15^4, wherein 
inention is made of the variation of the need!e ; 
•tkis novelty turned all the philofophers againft it, 
as it broke in upon their fyftems, in cfted: they 
obftinately denied it ; but it growing at length 
inconteftable, they were forced to yield. 

Hereupon it was obferved however, ihat under 
the .meridians of the Azores there was no variation^ 
this made them conclude, that they had found a 
• nalural principle, ^ for fixing the firft meridian 
"there, which hitherto had only been done arbi- 
irarily, and confequently not to the liking of every 
" body ; by the direiftion they found the load-ftone 
■ at poles, and by its variation that thefe were dif- 
' ferent from thofe of the earth, they therefore 
' placed them where they plcafed, with intirc li- 
berty- which was the fruit of a want of obfcrvattops. 
• •t'" - They 
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But they came at length to the knowledge of 
two iiew meridians, void of variation, one paiTmg 
through a cape fituate near the cape of Good-Hope^ 
and for thatreafon called the cape of Needles ; and 
the other thro* Canion in China % accordingly they 
determined the angles of interfcdlion of thele fup- 
pofedljr fixed meridians, the 'prefumption being 
ftill on thcfide of itnmobility^ and filled up their 
intervals with other meridians, under which there 
was a variation, and tvcn ranging them propor- 
tiona>bIy on the fuppofidon rhac every thing pro- 
ceeded according to the moft natural order, but aU 
this was djrciS precipitation. 

Soon after it was difcovered, and principally 
by M. Gajfcndi, that the variation of the needle 
had another variation ; that it was changing from 
time to time in the fame place, and this continu- 
ally. A difcovery which overturned all they had 
built. By this inftance as well as by infinite other.<i, 
it appears how flow our progrefs is, that there is 
always a confiderable diftance between one dif- 
covery atid another, and yet that ihefe diftances 
grow continually fmaller and fmallcr the nearer 
we dcfccnd to the prefenc lime. 

Of the ruins of lb many lyftems, nothing now 
remains but that propofed by Dr, H^lley^ who h^s 
drawn a line round the globe of the earth, which 
is exempt from variation i this line is neither a 
meridian, nor a circle, but a very irregular curve. 
The variation of the declination in each place re- 
quire this line to be movable ; and we already 
find by fufficient experience, that it is fo. 'Tis 
probable like wife that it changes its figure, by 
reafon the variations of tiie declination in one placc- 
arc not always proportionable to thofe of another j 
this line, a» drawn by Dr. Halley^ paiTesonrh 
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one fide thro* the rorth-fea, and tiie Bermudas 
jflands i and on the other, through China about 
joo leagues tx> the eafl of Canton. 

M. Ddijle from fome obfervacions made by a 
French fhip which went through the Seutb-fia to 
China^ and was the fir ft ihip of that nation which 
fleered that courle, has found another line of no va- 
riation which traverJes the Scuih-fea from north to 
fouth, much like a meridian j this makes aconfi- 
derable addition to the fyftcm, as well as the chart 
of Dr. HaUe^\ where Jn the Soulb-fea was intirely 
wanting. 

There is one remarkable difference between 
the 2 lines or portions of lines drawn by Dn Hallry 
and M. Ddijle^ when compared together, for to 
the eaftward of the line of no variation which 
pailes thro* the Bermudas iflands, the declination 
IS north-weft, and weftward of the fame lifte north* 
caft, the contrary whereof obtains in the line 
which paflTes thro* Cbina\ whereas in the other line, 
traverfing the Snutb-fea^ the declination is north- 
eaft on both fides s this difference gives each of 
them its feveral charaiStcr, which, if ic be invariable, 
will always help to diftinguifli them whithcrfoever 
they go, 

M, Delijle has taken a deal of pains to difco* 
ver fome traces of the motion which thefe three 
lines muft have had to arrive at their prefent pofi- 
tion i and is convinced that the line which now 
paffes thro* the Berthudas iflands is the fame with 
that which about the year 1600 pafled through 
the cape des Aiguilles, on which fuppofition ir 
muft have moved from eaft to weft, though not 
parallelly to kfelf*, for in the year 1600 it was 
almofl: a meridian which paficd through the cape 
des AiguHk^^ the Ahnsi, and the Nortb-Capti 

but 
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but from that time to this, it has moved 1400 
leagues by its northern end, and only 500 by its 
fburhem one; lo that its prcfcnt firuatioEi is north- 
weft, and fou:h-eafti being much indined to its 
antJcnt pofition, its northern end pafled thro* 
yUnnain 1638, thro' Paris in 1666, and thro* 
Londcn in 1667, which plates were all according- 
Jy free from variation in ihofe years. M. Ddijl$ 
n likcwife of opinion, that the line wliich is novf 
100 leagues eaft ward oiCantmi^ is the fame which 
in. 1600 pafled through that city ; whence ic fol- 
lows, that it has travelled from weft to eaft, contrary 
ro the other, and at a much flower rare. If thefe 
2 lines continue their coiuJc, they wiil at length 
meet one another, the conJequence whereof in is 
not eafy to fbrefee. 

As we have no antient obfervations of the South' 
fea^ it would be prellimpiuous to advance any 
thing as certain, relating to the line which paiTca 
through it, only it might perhaps be fufpefted 10 
be the fame which formerly pafled through the 
j^zerest and which has moved irom eaft to weft. 

The difference of the declination in differcnC 
places M. Deli fie oblervcs, is by no means 
proportionable to the diftances of thofe places fron\ 
their line of no variation, that is» to a degreeof dif- 
ference in the declination of the needle, corre* 
fpond very different diftances on the furfice of the 
canh. In Dr. Halley*s chart, the greateft of thofe 
diftances is 130 leagues, and the fmalleft 15 ; but 
then he has only extended his chart to the 6orh 
degree of northern latitude, and M. Ddijie 
who has ofafervations nude 20*^— more nor- 
therly, finding that there are fome degrees of 
difference in declination which only afford 8 
Jeag^s diftances aadhttherta.it appears, thacal 
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the dirnate is the more northern^ the linaller di" 
ftance correfponds t o a degree. 

Nordocs the declination vary equally in equal 
limes at the fame place. At ^tebeck M. Caffmi 
found, that it had only vary'd \ a degree in 3 7 
years, wliereas by other obfervations in M..DeliJk*s 
hands it has varied a whole degree in 11 years. 

But notwithftanding all this, we pertDcive a fort 
of progrelTion, and fome appearance of regularity 
which is enough to prevent a philofopher from 
being dlfcouraged at the fight of lb many fecm- 
ing anomohes. 

IV. Of a cavern which is exceedingly cold in 
Jummer, 

, It would be no great furprize to rnoft people, 
if you Ihould tell them, that in a fubterraneous 
place, a cave for example, it is warm in winter, 
and cold in fummcTt which they have met with 
a hundred times. It is a paradox however to phi- 
lofophers, who know riiis experiment to be falia- 
cious, and that in reality it is hotter in a cave in 
lummcr, than in winter 9 bat that the difference 
between the heat and cold is rot near fo great as in 
the exterior air j and that this inequality ot dilfe- 
rence makes the cave appear warm in winter* 
when one goes into it from a colder air, or cold 
in fummer, when one goes into it from a warmer I 
air. Therefore none but philofophers can be fur- 
priled at a cavern of Francbs ComtSy where it is 
really very cold in fummer, 

This cavern is 5 leagues to the eaft of Eefanpity 
in that part of the province commonly called 
MdnicgnCy and in a wood near the village of 
Chuux, It it at the foot of a rock 15 fcec high ; 

is 
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80 feet deep, 140 in Jengtii from the entrance 
to the oppofite f»dc» and 122 in breadth. In was 
in Sept. 1711, that M. Billerez, profeflbr of anato- 
my and botany in the univerfity of Befanfon^ 
who fent this account to the academy, went down 
to examine it. He found, that the bottom of 
the den, which is fiat, was ftill covered with ice, 
which was beginning to melt ; and he fays, three 
py ramids of ice 1 5 or 20 feet high, and 5 or 6 
broad, wiiich were now alfo much diminiflied. 
Thsfe began to come out of the top of the en- 
trance a tog, which proceeds from it all the win- 
ter» and accompanies the thawing of this repoll- 
rory of ice. ftut the cold was ftilJ fo grear, that 
unlefs they waJked and agitated thcmfdvesj there 
was no flaying \ an hour widaout ihivcring, and a 
thermometer, which out of the cavern was at 60 
degrees, fcHatioj that is, 10 10 degrees below 
a very great cold. The ice of this grotto is 
harder tJian tliat of tlie rivers, is mixed with 
fewer bubbles of air, and melts with more difii* 
culty. It is tlic inore in quantity, as the furomer 
is horter, 

M. Bilkrcz lias found the caufe of this ph^m- 
menoif by oblervihg that the lands in the neigh- 
bourhood, and efpccially thofe above the vault, 
are full of a nitrous fait, or natural fal armoniac. 
Thcfe ialts being put in motion by the heat of 
the fummer, mix more eafdy with the waters, 
wlijch flowir.g through the earth » and through 
the clefts nf the rock, penetrate quite into the 
j:;rotto. This mixture freezes them exaflly in 
the fame manner as the artificial ice is made, and 
the cavern is in great, what the vefil-l in this ope- 
ration is in little. Some coagulations, or ftony 
incruftations, which are found, efpeciaJly oppofiie 
10 the opcnirg cxpoftd to the northj by which 
Vol. IV. N^. c:o. Cc more 
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more nitrons particles of air might enter, con-^ 
firm this fyftem fliJI more. It is laid, that there 
are rivers in Chifta which freeze in fummer for 
the fame reafon. 



V . Of a Jpring which makes the feeih drop 
out. 

At SenUJJes^ a village near Cbwreufe^ fituated 
in a valley at the bottom of a hill, there is apub-r 
Hck fpring, which makes the teeth drop out, with- 
out any deflusion, pain, or bleeding. This effeft 
cannot be afcribed to any thing elfe, for the air is 
very good and temperate, and the inhabitants arc 
more robuft and healthy than elfewhere ; only a- 
bove half of them have loll their teeth. At firft 
they fhake In the mouth for feveral months like the 
clapper of a bdl, and afrer wards they fall out very 
naturally. The water accufed of this diforder is ve- 
ry briflc, it is very cold when drank at the well 
head, it is found to be hard when ufed in the 
kitchen^ and it is fa id to gripe thofe who are not 
ufed lo it. M. Auhry^ the curate of the place, who 
fenc a barrel of this water to M. Couplet^ with an 
ample account of all that relates ro it, lays, he had 
been ad vi fed not to make ufe of it till after boil- 
ing, which would ratife the ill quality of it to 
evaporate. He takes it to be a mineral, and con* 
j£(flures, th:ititeven contains fome mercury. 

M. Lemery having examined it every way, and 
fubjeded it to all the chymical trials, has not been 
able to difcover any thing particubr in it. Only 
in evaporating a gallon of it over a gentle fire^ 
there remained 12 grains of an acrid, fixed, al- 
kaline fait, which fcems to be very little for fuch 
aquantify of water. He found no indication of 
picrcury. Btfides, he has given water, in which 
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Ijuickfilver had been infufed or boiled, to chil- 
dren for the worms j but he never found that ic 
Jooiened the the teeth. The ill quality therefore 
of the water of Smls£es is too fine and fubtile, to 
make a fenfible dilcovery of itfelf tous. 

It has been more eafy for M. Lemery to find a 
like example. He has recolleifled, that Viiru- 
vius fpeaks of a fpring at Sufa in Perfia^ the wa- 
ter of which makes jthe teeth of tho£- who drink 
ic dropout; and it is remarkable, that he has 
feen zt Paris a Per fan born in that very city of 
SMfa^ who could take 7 or 8 teeth out of his mouth 
with his hand, and put them in again with the 
fame eafe. He had the fcurvy indeed j and per- 
haps the fpring of Senlijfes would give thacdifeafe, 
if the goodne/s of the air, and other favourable 
circumiiances did not hinder. 

VL Of the rtfing of the fea in the fir eights of 
Dover, 'when the tide ebbs, 

F. G&yf)e fays, that a failor had obferved with 
the plunlmet in the Pas di Cdais^ oi- ftreights of 
J^over^ that the fea rofe at the time of the refluif. 
The reafon oi vLfbanomemn^ which appears fo odd^ 
is that the waters* which retire from the coafts of 
England^ meeting with thofe which retire at the 
fame time from the coafts of France^ fwell 
againft each other, and raife the middle of the 
ilreight. 
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VU. On the principal organ of vifion^Vftd dfr 
the Jlfuifure of the optic nerve. 

The experiment of the cat im merged in water, 
had led M. Mery to a new exphnation of the mo- 
tions of the iris oi the ejre \ the fame experiment 
had taught him that the ntiH^ is as tranfparent as 
the humours of the eye themfelv^ ; and thence 
he had concluded, that it was no: made to receive 
the picture of the objcfts, and that the ei^roides 
which is opake and placed behind it, is fitter for 
this office : But he had only hinted this thought, 
and did not pretend to go to the bottom of a ques- 
tion, which had before been handled with great 
fubtilty in 1668, between MefT. A4ariQtte^ Paquet^ 
and PerrauL M. Mariaite^ having made a cu- 
rious difcovery of a place in the bottom of the eye, 
where vifion failed, maintained that the (borQides is 
the principal organ of it. His obfcrvarion is known 
to all, who have the Icaft tindture of natural phi- 
lofophy. 

M. di la H/rf having given another explanation 
of the experiment of the car, than what M. Mtry 
had given, occafionaliy took the part of chcf/Zutf 
againft M. Merj^ who fubftituted the chcnides in 
its room, 

M. Mery anfwered in the firft place to what re- 
lated to the motions of the iris^ the firft fubjcG 
of the whole difpute, and afterwards he came to the 
queftion of the reima and ^boroides. 

Tho' M. Mariette, who was the firft that main- 
tained the rights of the charoides^ has very well 
fuppcirted them, and feems even to have remained 
in pofltfTion of the field of battle, having anfwered 
every thing, and wrictcn laft, it muft be con felled 

that 
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that the retina has rem;ilned in poflTcfllon of being 
the principal organ of fight s as this docs not eiFefl: 
the general fyftem of vifion, perhaps thofe who 
doubt upon this queftion, or thofe who are per- 
fuaded in favour of the char sides ^ do not confider 
how difficuft it is to change the old and common 
ftyle, by which the r^f/;?ii is eftablifhed. How- 
ever, as exaflnefi cannot be abfolutely indifferent 
with regard to truth, we ihall here relate what is 
moll important and new in this difpute, forwc 
fliall avoid repeating what wasfaid in M.Marloltc'a 
time, of which the publick may e.i{i]y be informed- 

Tht principal organ of fight is that whereon 
the image of the objcih is painted, that is, which 
receives thcvertices of different cones of rays, fenc 
from different luminous or enlightened points, this 
organ muftalfo be fenfible. 

The retifja is a membrane farmed by the expan- 
fion of the optic nerve, which is opened into fmall 
(lender filaments, white like the nerve i behind the 
refi»a is the cht^roides^ which involves it, being 
another membrane, which is a continuation and 
extenfion of the pia mater % it is black in men, 
birds, and feme other animals, but in ieveral ^Z^*^- 
cies it has colours, and thofe very lively : it will' 
not be nmifi to obferve that the reiina and the cbg- 
roidei are alfo involved by the opake carnea^ which 
is a continuation of the dura mater. 

It has appeared to the philofophers, that the 
ntina had all the chara(5ters of the principal or- 
gan of fight. It is placed in t\\tfQCUs of the refrac- 
lions of the humours of the eye, and confcquently 
receives tlie veriices of the cones of the rays i it is 
very fine, and confcquently very fenfible, or rather 
fenfible to very fine impreffions, fuch as thofe of 
the ray Si it draws its origin from a nerve, and is 

it- 
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itfclf quite nervous, and they are perfuaded ihaC 
die nerves are the vthide of all the feniationss 
ladly, it communicaies with thcfubftance of the 
brala, wh^re all fertfaElons jcem to terminate ^ as 
for the choraidcSi they have cither been in no great 
doubt about its ufe, or thought that it flopped the 
rays, which the great fineneis of the retina would 
iuficr to pafs, and that it did with regard to the 
nlind^ what tin does with regard to a looking- 

flals, efpecially in thoie animals where it is black, 
ecaufe black abforbs the light, and all that could 
pafs thro* the rsHna would only trouble th^ vifion, 
if it was not deadned. 

The experiment of the cat immerged in Water* 
lias caufed M. Miry to have different notions ; he 
law that the retina abfolutcly difappeared, as well^ 
as all the humours of the eye, but that the cbaroidei 
appeared very diftinclSy, and even with the livel 
colours, which it has in that animal j thence h 
judged the retina to be as tranfparent as the hu- 
mours> and the chcroides on the contrary to be 
pake, and confequently that the retina was not B( 
to terminate the cones of the rays, or to receive th( 
images of the objeifts j that the light ought to gc 
through it, and could not ftop but on the cborpicUi 
which then became the principal organ of vilionij 
The black colour of the choreides in man is alfo very'i 
favourable to this opinion j it not only agrees witl 
fbe principal organ of vifion, that the adlion o( 
'light fiioufd be terminated when it arrives there^ 
[and it is certain that this adtion is terminated ia^ 
[black, which abforbs the rays, and does not refledj 
them, but it aifo agrees with this organ, that the 
a^ion of light fhould beftronger there than any^ 
where eJle ; and it is certain alfo^ that as light is 
engaged in a black body, and does not come out of 

it* 
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ft, itcaufes a greater vibration therein. Thenco 
ir comes that black bodies are more eafily fet on 
fire by rhe burning-glafs than white ones, every 
thing eife being eqbal, The trAnfparence of the 
reiina^ and the opacity of the cb&roidei were not 
fo certainly known in the time of M. Mariotie. 

He judged rightly, that the pofiiion of the 
eborcidei behind the reftns made for his opinion^ 
bat he did not draw fo great an advantage from 
it as M. Af^rjdid, who has obfcrved in the other 
ftnfes rhe fame pofition of the principal organ be- 
hind a mean organ, which gives a happy and con» 
cJufive analogy. The cuticle, which is extended 
over the whole fkin is the mean organ of feeling, 
of which the flcin is the principal organ. It is 
the fame thing with regard to the fmell and tafte, 
which, with regard to the difpofir ion of the or- 
gans, are nothing but feeling. The membrana 
iympani is a membrane extended before the tym^ 
fanum or drum of the ear» and clofcs it ; and by 
irs means rhe agitations of the air are tranfmitted 
to rhe lamina ffiralis^ the principal organ of 
hearing, inclofed in the labyrinth, beyond the 
tympanum. It is true, the membrann tympani h 
not immediately applied to the lamina fpirafiSy 
but it is placed before ir, which is fufficient for 
the analog jf. The retina therefore will be al fo 
no more than a mean organ, which will probably 
fcrve to hinder too great an impreflion of the light 
on rhe choroidsSy or to prelerve ir, which is the 
fble ufe afcribed to the cuticle, with regard to the 
Jkin. 

But, according to M. Mery., there is more than 
all thJt. The reiina is infenfible, becaufe it de- 
rives its origin from the medullary fubftancc of 
|he brain, which is infenfible alio ; and the cha^ 

r&ides^ 



rmd€Sy on ihe contrary, is very fenfible, bccauft 
it arilcs from the pia m&tcrj which ia certainly 
very Icnfible. 

This proof, which fome queftioned, engaged 
M. M(ry in a more particuJar exiimination of the 
flrufture of the organs of fight. He not only 
Jhewcd the academy, by dlfftftion, that the retina 
and the cb&mdes had the origins which he had 
pointed out, but added alfo an important difco- 
very concerning the optic nerve. This nerve is 
»ot compofed of filaments, as has been thought, 
smd as the other nerves arc •, ii is only a m.irrow 
Biclofed in a canal, which may be eafily m;^dc to 
come out. So long as the nerve is within the 
Qcul!, the canal is foraged only of the pirt matcr^ 
and the marrow is contained in ii in a lump : but 
the iame nerve, when it enters the orbit of the 
eye, takes a fccond coverii^g, which comes to it 
from the dura maier^ and is ihc car ma -, it is a 
new canaj, which covers the firft external ly, and 
there the marrow is inclofcd in an infinite j'utiit< r 
of little cells, which communicate with each o^hcr. 
It is alfo with more difficuky fqueczcd out of this 
fecond part of the optic nerve, than our of the 
firll:. The cells of the marrow have rdfo a rela- 
tion to the cavernous bodies. 

The ftrudure oi the optic nerve, unknown till 
now, docs nor permit the rtiina any longer to be 
^ membrane j it is no more than a dilatation of 
the marrow, wrapped up with two membranes 
and marrow is not a proper fubrtance to be thi 
feat of a fcnfation. We hardly conceive that 
can ferv£ for any other purpofe, than to filtrate 
cury-the nectJTary Ipiriis v but the vibration 
the fenfe itfeif mull; be made upon a part nwre 
fufctpiible of a ftrong imprefljon, more fpHd, awi 
I more 
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more Hrm i and it has always been thoyght, that 
none but nervous filaments couJd receive this vi- 
bration, efpecially as they have always been al- 
lowed atfo to communicate ic to the brain, tht 
centre of the whole. 

If the new ftru<fture of the optic nerve obliges 
us to remove to the choroidts the office afcribed to 
the rHina, it will greatly diforder all the common 
ideas^ cither vifion muft abfolutcly terminate in 
^tcboroidesy without going any farther; or if 
It does go ferther, it fpreads itfelf through the 
whole j>f«* maler. It mult be confefled, that thefc 
confequences have their inconveniences ; but it is 
true alfo, that whatfoever fyftem we take, if we 
purfue the fenfaiions to the end, and till they 
reach the foul, we lole ourfelves, and fall into 
the xmmenic chaos ^ which i£ between the body 
and the foul. 

yilh On the experimeTit of the eyes ef the ^at 
immerged in water* ' . 

We law in the preceding article, the principal 
part of the difpute between M, de la Hire and 
M. Mery^ on the cat im merged in water. It has 
been another queftion between them, why the 
bottom of the cat's eyes appeared fbrongly illumi- 
nated in the water, and abfolutely difappearcd iti 
the air. M, Mery pretended, that when the ani- 
mal was under the water, there entered more light 
into its eyes, becaufe its ^crff^tf was more flatted, 
and in fome meafure wrinkled by the moifture. 
But M. de la Hire has given a pretty na- 
tural r^fon for it, taken from the principles of 
opticks. 
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The cornea being in the air does the ofEce of 3 
mirrour, becau(e it is fmooth j, and of a convex 
mirrour, becaufe of its figure. It has its focus 
"tHercforc beyond itfelf, which is alfo very vivid, 
and it reJleds their own image to thofe who view 
it, which by its vivacity hinders them from fee^ 
ji^g any other objedl beyond the cornea. But 
when the fame organ is in the w^ter, the little 
difference, that there is between Jts denfity, and 
that of the water, makes them be phyfTcally homo- 
getieous ; it is therefore no longer a convex mir- 
rour, and it is only inflead of a plain furface of 
water, and we fee diro* it all that we Ihould have 
feen thro' the water. 



15c, On the reproduBion of fame parts of Cray^ 

fijhes^ iobflers^ &c. 

~*rho' the fyilem of the animal quict'lbrmra In 
the egg renders the generation of it intelligible, 
yet it does not ceafe to be very marvellous. But 
that in the room of an organ ical part which has 
been cutoff, there fhould grow anothei' quite like 
it is a iecond wonder, of a different order frora 
the III ft:, and out of the fyftem of the eggs. Apd 
^bdeed the philofophers have refufcd to believe fo 
fiirprifing a fa(5t upon the credit of i{ie vulgar, 
^nd they muft be allowed to be excufafele, if the 
itddy of nature ought to give them any confi- 
'dcnce in their knowledge. 
\ It is of the cray-fiflies, crabs, and lobfters* that 
the fiffiermen have faid, that when they have loft 
any Jeg or claw, there came another in the room 
ot iti and M. ds Reaumur has had the curiofuy, 
the fkil], and the patience to verify k ; and this 
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h the reiblj; pf the obfervations which he has made 
chiefly on the ctay-fifiies. " . ^ ^ ^ 

^ .Thefe animals have 2 great legs before, tei'rtli- 
naped by 2 pjnehers. Each of thefe tegs has 5 'aki-' 
ailations, or joints j and I fuppofe with M: iie 
Reaumur, that they are reckoned From the extre- 
mity of the leg, where the pinchers are. \yhM 'th6' 
legs of the tray-fiflies are broken by any accidenr,. 
in walking, which is pretcy common, they "aFd 
ailways broken at a future, whiph is near' the 4th 
articulation , and in time there is renewed exaftly 
what they have loft; that Ts, a part of the leg 
which has 4 aniculations ; the firft of which has 
the Z pinchers, fo that the lois is entirely repaired,' ' 

If the great leg of a lobller is broken defignedly, 
at the 4th or 5th articulation, the part taken 63" 
is always rdtpred, but not if the amputation was 
made at the ill, 2d, or 3d, articulation. The 
reproduftion is then very rare, if things remained 
i;i this Hate , but what is very furprifing, they do 
not remain fo. If at the end of fome days we ex- 
amine the cray-fiflies, which have the legs broken 
at cheie unfortunate and barren articulations, we 
find" they have them all broken at the 4rh articu- 
lation 5 and we may fufpe<5l them to have per- 
formed this operation thcmfdves, being fure per- 
haps of having a new leg. The rejiroduiflion is 
beft performed at this 4th articujation. 

The reproduced part is not only quite like, but 
equal at the end of a certain time to tliat which 
Was amputated. FJence it coches, that we fee 
niany cray-filhes which have their z great legs un- 
equal in varioas proportions. This Ihews the age 
of the fmalleft. 

. If a reproduced part is amputated, there is a 
new reproJuftiqn formed. 
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Thefummer, which is the only time of the 
year, whcR the cray-filhcs eat, is rbe moft favour- 
•Able featim for the reproduiflJon- It is then per- 
formed in 4 or 5 weeks i whereas it would bard- 
}j be perforoied in 6 or ^ months In another 

The fmall legs grow again like iht great ones* 
but more rarely and more flowiy. 

The horns grow again alfo. :: 

If we add CO ibis all that has been iatd of the 
cray-fiflies in 1 709*, we ftwlJ find that they fiir- 
nim feveral rare pj^ammena. It appears in genev 
ml, that the moft wonderful of all animals, wiih 
regard to nnechamlin, are thofe which refemble us 
the leaft. ,^ ^) 

^n explanation cf the fgurts. ^ 

Tho* the cray-Eih is an. animal pretty well 
known, yet we have thought fit to engrave it, in 
Older to flicw the pofttion of its different parts. 

Plate V, Pig, 1, reprefents a cray-fifh lying 
on its back, that the poiicion Qf its legs may be 
feen. , . 

Pp I, 2, 5, 4, 5, are- ijp^at claws, Pp 
are ihe two pinchers: the little pincher p is arti- 
culated in p. At I, is the firft articulation of the 
leg ; at 2, the fecond i at 3, the third \ at 4, the 
fourth ; at 5^ the fifth, or the place where it ea- 
ters into the body of the animal, .-i; 

Fig, 2. is a part of a cray-fijh reprelent^ 
larger than that of the precedijig figure, (or cbt 
better diftinguilhing of the articulations ^nd (ju^ 
turcs of the legs. The fame fetters of the preced^ 
ing figure mark the faiie. parts.- P p the ^Wft 

• Vel. III. p. 144. of this abrigineiit. ' <i ■•:'• v*' 
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pinchers t, 2, 3; 4, 5, che five diHcrfnt articu- 
lations S is the future where the leg of the cray- 
fifh nararally brraks, and where w1 len broken, it 
is: fooiieii: reproduced. Thi^ fucure is morecUr 
ftinguiflicd than the feft in the figure, bccaufc k 
was necefl'ary to ftiew it j but it is no more fenfibte 
in the cray-filk than in other furores j b c d e is 
that part which we have called the great leg of 
the cray-fifh : be d e are thediflfercnt jcSnts of it. 

^^i- 3' 4> 5' '^y 7i niark che dilterent terms 
of growth of a teg broken at the future S of^^. 2. 
Each of thefe figurei is what remained to the leg 
from the fifth joint. 5 marks ir\ all thcfc figure* 
the place where this fifth joint was. 

Fig. 3. A fhews the end of the leg juft as k 
appears immediately after being broken, or a day 
or two afterwards. 

Fig. 4, B marks the end of the Icg^ when the 
membrane which covers it again, has taken a fi- 
gure a Jitcle convex; r , jj; 

Fig, 5. C fhews the little flcfliy cones which 
come out of the end of this leg. 

Pig, a. D is the fame cone confidcred fomc 
days later j it is more long. 
^ Fig-, 6, E is the little fleihy concj which begint 
loberid: 

Ftg 7, FG H is the Tame part of the leg ready 
to grow. It is tli^n bent at G i its pofition is like 
that of One of the legs of the cray-fifh laid upon 
iheback^fg-. I. tho*the!cg in this figure is ft ill 
wrapped up in a membrane, yet the articulations 
arc diftinguilhfd thro* it. They may be fcen thro* 
the tranfparence of the membrane. If we look at 
the end H ag:*inft a ftrong light, we fhall pcr- 
c^vt the fepa ration of the 1 pinchers as it rs reprc- 
fcnted ill ^g. 8, 

Fig. 
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Fig. lo. reprefents a cray-fifti in the fituation la 
which it often is 'SYHen it walks ; TTTT 4s the 
gre^Vt table of fhdl whic^ ralfes itfelf firft, when 
the cray-fifh begins to mew i tt r, (^c. are fhe 
little tables which hold together by different mem- 
branes J they are joined together in the fame mao-v 
ner when the ctaw-filh has mewed. 

Fig, I J , is the part of the ftomach of the cray- 
filh, where the three teeth are, and the cartilages 
which fuftain them» The teeth of the middle B is 
Qf a diFerent figure from that of the teeth D D. , 
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IPhtl^sophical iVfEMoiRs of tTie ftb^AL 
■ ^c^DEMY of Sciences at PaKis^ for 
the Year 1712. 

I. Obfervations on the rtiin^, mid upmt the 
ihicmotrieter mid %ar6fkcttr &t the royal 
ohfhvatory during Ibe ymr ijii^'by M. 
de li Hire*. 
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The Ttlm of Hih Heiglittf the water of the wholfe 
^icfir was ^02 Jines, or'2 5'irich;es, 2 lines, which 
is much n^brc than the triean years, which afford 
tis toiily afeout ig inches. It is pretty excraordi- 
hafy, that this year fhouM afford us fo much wa- 
ter, tho' it rained very lifle in June and Augufl^ 
Which wiiih J^iyy comnronly furnifh as much as 
ihe 9 other months together \ and the more as it 
did not r;iin at ail from Sept. 3, to 19 j and from 
Sept. 19* when irnined 11 lines to OB. 19, it 
rained but 2 or 3 lines. But the great fnows of 
'Psb. with the rains that followed them toward thfc 
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end of the month, gave all at once a great quan- 
tity of water, wKich caufed a conficferable over- 
fiawing of the river j but it was not fo great as that 
which happened in 1658 in feb, the height of 
which is marked in the doifter of the cdcfiins at 
Paris, 

We cannot determine any thing certain on dio 
height of the water to be furniflied by a certain 
quantity of fnow, for fome is very rare, and fomc 
very much condcnftd. 

July 28, 29, and 30, fumiflied about 31 lines 
of water -, and this was the greatefl continual rain 
of the whole year. There was a litcle (torm on 
the 2Sch in the evening. 

My thermometer was at the higheft at 6t ports 
I, June 1 6, at fun-riling ; and at two in the aC» 
ternoon it was at 73 \ \ which does not mark a 
very grear heat 5 for 1 have feen it rife to 80. 
July 10, when the heats are ufually greatdl, it 
waf but in its mean ftate about fun- rifing, which 
is the time when I make all thefe oblervations. 
This very thermometer was at the loweft at 20 
pans, Ftb, 15 J but two days afterwards it rofe 
again to 36. The mean ftate of the air mark^ 
by this thermometer^ as it is at the bottom of the 
caves of the obfervatory, when it always continues 
at the fame height, is 48 of its pans or degrees. 
It begins only to freeze in the country, when thi* 
thermometer is at 32 5 fo that from the mean 
ftatcto froft, it falls only 16 parts i and confc- 
quently the degtee of heat of the air, which Ihall 
be as much above the mean flate, as the degree 
of the beginning of. the frofl is below it, will be 
64, as it was this year nearly about thq morning 
of the day of the greateft heat ; and the greateft 
heat of this day at 2 in the afternoon, when the 
thermometer marked 73 i» was a! mod as much 
3 above 
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>ve the mean ftace, as the greateft cold of the 
year was below it, when the thermometer was at 
20, at the fun-rifing, the coldcft time of the whole 
da jr. 

The thermometer which I make ufe of every 
■ day for my obfcrvations, is :; fimple barometerj 
which is placed at the lop of the great hall of the 
obfervatory, wherein the quit:kfilver always keeps 
3 lines lower than that which M Picard made ufe 
of, and in which he perceived light upon agitating 
the quickfilver in the tube» which was a m^w phis- 
mmenm. I cinnot fufpeft th^U there is any air in 
mine \ for it gives light like the other, and 1 have 
filled it with a great deal of care. It tinufl: be ob- 
ferved, th-it in order to have the true height of the 
quickfilver in the tube, the frame of the barome- 
ter fhould bed little (haken againft the wall where 
it is hung, 

Mv barometer was at the hlgheftat 28 inches, 
5 lirses, J^n. ai i riie flcy was clear, with a mo- 
derate north wind near xht ground j but the upper 
wind was eaft. And durir*^; this whole month, 
there was but httle rain, and the barome[er was 
always very high; for half this month it was 
above 2B tnchcrs. The fjme barometsr was at 
the lowcft ac 26 inches, 9 lines, |, D^r. 10 i with 
a very violent hurricane, the wind being to war i 
the fouth with but little rain. Thus the difference 
between the higheft and loweft ftate of the baro- 
meter was I inch, 7 lines, f , which is a little 
niore than rhe common ftacc \ that is, 1 inch, 4. 
lines. 

I obfcrve in general, that during this whole 
year, when the barometer was at 28 inches, or 
thereabout, which happened pretty often, ic has 
rained httlc or nothing, which agrees with the 
general opinion, that the barometer predlds'the 

Vol. IV. N^ 40. 
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fercnity of the air -, and when it wa^ atthe lowefti 
there was always a good deal of rain ard Ingiw, as 
it happened in Fd. This rule however is not Co 
certain, as to have no exceptions , for about th^ 
end of Julyt when it rained confiderably* as I 
have already oblerved, the barometer was about 
27 inches, S lines 1 which may happea from par- 
ticular caufes, which are not common, as a fud- 
den ftormj when we often fee 2 contrary wind?* 
which having different directions citl;er upwards 
or downwards, and lafting but a little while, 
rnake irregular imprefEons on the quick Qlvcr in 
the barorneter. 

Thcwinds were this year as ufual in this country, 
very often toward thelbuth-wtft. 

0£I. 6y at eight in the evening an earthquake 
w;is perceived only in my apartment at the obfci;- 
vatory •, and one of the principal figns of it was, 
that the great rings of a copper ciflern ftruck 
againft the ciftern, made a good deal of noife, 
and continued a long time in motion, which was 
obferved by all wlio were in the place: but I did 
not mention it then, becaule I fplpcdted that, this 
ciftern, which had a good deal of water in il, 
might have Hipped a ITtde upon its frame, and that 
a fmall motion of the water might have given one 
to the ciftern, fufficient ro make the rings (trikc 
againft the body. But fonie days afterwards wc 
received letters out of the country, 30 leagues 
from Paris ^ by which we have been informed ot 
an earthquake which was felt there, and had ter- 
rified the people of the place ; and it was on the 
fame day, and at the fame hour, that we per- 
ceived it at the cbfervatory. We have had ac- 
counts of it alio from other places, where it was 
very confiderablc, 

Dgc. 30, 1 71 1, I found the declination of the 
I necdk 
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fi^edle to be" i o** 50' toward the weft as it wis th»i 
preceding yeari but it muft beobfcrvedj thatat 
the end of the year 1 709, it was but 10** 15' •, arid 
confequently frcrni 1709 rc> 1710, the variation 
has been 35 miniltes^ which Was about dou- 
liTe of wL-it ir was obfcrved to be for fome 
years i but '1711 has fet it right, for we have 
but ^s minutes dlfTcrence for 2 years. We cannot 
however fufpiitl any error in cheie obfcrviidons, 
for we always nwke them wi:h very great care, 
ufing the fame ncedit, which is S inches long, 
and aftplying one fide of the fquare bojt, in which 
"It is indlofed, ngainft one of the faces of a great 
ftorle pilhf at the bottotn of the tcrrafe oftheob- 
fervatory. We are afibred of the pofition of the 
fute of this pillar, by fevcral very exad obferva- 
tions, tliat it looks exaftly to the weft. 

11, A comparifon of the ohferuatiom made at 
Zurick on the rain^ and on the barome- 
ter^ 'with the joregoing^ during the fame 
year'*' , 

IVi, Schmcbz'ef cbnn pares his obfervations of the 
, quantity of Water, both in rain and melted fnow, 
month by month, with what J have foundatP^nVit 
the obfervatory which I had fenr him by order of 
the Able Bignon^ whereby we find, ihar it rained 
xno^tTit Zariik than at Paris in every month, ex- 
the month of July. For he found in 
s ; in March. 
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lines ^. i in /fprify 26 lines i ; in May, 39 lines 
in JuMe, 15 lines •, in July, 38 lines ^ i in Aug. 66 
lines ) in Si'ft. 35 lints f i in OiJ. 62 lines ^ i in 
^^cv. 43 lines ^ J i3.nd in Dec. 25 line*:. 

This gave him for the whole year, 45 inches, 
I line, Piiris meafure i and he obferves, that it is 



April i6, 171a. 



e 2 



one 



51 1 1 7'be History and Memoirs of the 

one of the greateft heights of water which has been 
hitherto obfcrved: buc at Parts I found only 25 
inches 2 lines, which, however, is one of the 
greateft: that has been feen here, I have related in 
the obfervations of another year, fome reafons 
which may fhevv, that there muft fall more water 
and fnow in the mountainous countries, than in 
the plains which are diftant from them. 

He found the greateft height of the barometer 
Dec. 22, at 27 inches*, that day it was here at 
28 inches, 3 lines, |, in the mornings with the 
common barometer ; but with another at 28 
inches, 6 lines, | ; the difrcrence therefore was 
J 8 lines, ^. The lealt height of his barometer, 
was Fe&. g. at 25 inches, 1 1 lines, 4 ; and [he fame 
day here at 26 inches, 11 lines, |, with the com- 
mon barometer, and with the other at 27 inches, 
3 lines, and the difference with this laft is but 15 
lines, I ; but thofe days are not the hmc on 
■which I here obferved the greateft and leaft height 
.of the barometer. Thus the difference between 
the greateft and the leaft height of the 
.barometer, which I found at Paris, ts 20 

fijines J and he finds it but 1 2 tines ]-, This feems 
;to me to Ihew, that the heights of che quickfilver 

Ljn the barometers do not always come from the 

^ ♦height of the whole atmofphere, which cannot be 
"very different in places upon the earth, which arc 

I not very far from each other; and at the fame 

time, but from feme particular accident of the air. 

'However, if we took a mean difference of the 

'height of the barometer at Zurkk and at Parh in 

[''the obfervations which I have juft related, we 
fhouldhave aJmoft 17 lincfj and if we fuppofe it 
tojfes of elevation for a line of alteration in the 

k height of the quickfilver, it would follow, that 
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Zurich would Idc 187 toifes higher than Parif 
above the fea. 

He inlarges very much upon the meteors, and 
chiefly on the earthquake^ which was felt at fiayf/, 
of which M, Bernoulli has jTent him a very exaft 
reJatlon ; and this is the refult of it. 

There were two fliocks of this earthquake at 
but a little diftance from each other, Fek 9, be- 
tween four and five in the morning ; we felt one 
zt Paris, 0^. 6, at eight in the evening, whence 
we fee, that the caufes of thefe earthquakes 
were very diftant. At Snfil the earthquake was 
preceded by a very violent fouth wind, like a 
tempcft, or a hurricane, which was accompanied 
by an extraordinary heat in this feafon of the 
year, tho' it was very cold before. At that time 
all the fnow, which was very deep upon the 
ground, was melted in left than two hours, and 
all the rivers, and the Rhine itfcif, incrcafed ex- 
traordinarily, which had not been feen till then ; 
but when this wind ceafed, the cold began again, 
and there fella very great quantity of fnow, to the 
height of 2 cubits. Thefe are his own words. 
M. Schetichzer obfcrvcs, that the fame accident! 
of wind, and heat, were alfo obferved at Zurich^ 
but he does not fay, the earthquake was felt there, 
he only adds, that at the fame time he obferved 
the height of the barometer to be 25 inches, i[ 
lines. 

In the laft place, he relates, 
the earth did not ripen well 
hood. 
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III. On the ebbing and Rowing of the fea^ hf 
M. CafTini, junior^ % tranjlated b^ Mr. 
Chambers. 

Men have long been enquiring the catjfe of 
that continual xodon of the fea, whereby its war 
ters *m the fpace of 24 hours rife, and advance, 
tw)c« tpw4rc|s the fluore, and fall again ^ or retire 
as often again therefrom. — 'The motion of the ri- 
fit^, water is called the flux, flowing, or flood, and 
ks,ftate when arrived at its utmoft height high 
water. On the contrary, the motion whereby it 
€lercends, is called the ebb, or reflux, and when 
it ceal'es to fall, low- water. 

By this rucceiTive change in the height of the 
fea- water when retired, frequently proves too 
low in molt parts of the ocean for veflels of a cer- 
tain burthen to enter or come out \ fevera] rocks, 
find banks» t^c. are alfo covered at certain times 
by the fea-water, which are left bare at others -, 

!fo that it is of the utmoft importance for tlie f;ike 
of nay igation, to be able to determine the periods 

'.of the flux and reflux, and to have an eXinEfc ac* 
quaintance with the feveral phcimmtna which ob- 

*nin therein. . . 

' The memoir drawn up by the academy, anil 

'fpt h^ the count de Pmtcbanrant to the king's 

'prdfeflbrs of hydrography, in the ports of the 
ocean, has procured x great number of obferva- 

,tions of the tide to be made with all the accuracy 

and faccefs imaginable,^ An account: has 

already been given of thofe made at DurMrk and 
Havre, to which we fubjoin feveral oblervatiotis, 
and drew new rules from them. The buGnefs now 
js to learn whether the rults which agree to thofc 
two ports, be general and capable of being ex* 
tended to the other ports. 
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f . There is tlie more neceflity for verifying thcfc 
rdcs, as Ibme of ihem go quite counter to what h 
commonly fiippofed* that the higheft tides always 
happen about the days of the equinoxes. An opi- 
nion which feveral phiJofophers have Jaid do wo as a 
certain rule, and ftrove to give the pJayfical reafbns 
thereof. 

In order hereto, feveral more obfcrvatlons were 
required in other ports, like thofe made ax Dun- 
kirk and Havre j wherein might likewife be ex- 
prefied, the titoe of low-water, and the depth of 
the lea in that ftate v^ for as the times when the 
iea is higheft defcrve well to be known, as being 
the fitteft for entring of ports j fo rhofe when it 
is Jo weft, are no leJs nccefiury to be known on ac- 
count of their unfimelTes for thofc purpofes. 

Something of this kind we have had occafion to 
examine by a new journal of obfervations^ both of 
high and low-water^ made at Btrjl by the fieur 
Monster d& Longcbamps \ it begins on the lotb of 
Juns^ 1 7 1 1 , and ends on the laft of Jan. 1 7 1 2, 
The times of high-water for every day, both 
the morning and evening ones are here regularly 
noted with the height of water therein -, and com- 
monly alfo the time of the low-warer, and the 
depth of water in that ftate. To each of theJe ob- 
fervations care has been taken to affix the confti- 
tution of air, and the difpoficion of the wind, 
which have a great fhare in ihe accelerating, or 
retarding the tides, and the difFercnt heights ob- 
ferved therein. 

By comparing the times of high-water in 
the new and full moons at Brejt-t we find that the 
high- water obferved to have come earhcft was oii 
the 26th of September 1711, at 3 13' j in the 
morning J and that the lateft was on the 25th of 
Decemhr at 4*" 30' io the evening ; fo that there 

are 
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ire inequalities in the time of the tides even in new 
and full moons, yet thefe inequalities may be in 
fotne meafurc reduced to a rule, by fuppofing ihc 
mean time of high- water at, Breji to be at 3 45'j 
and making ufe of the ruleprefcribcd at Dunktrk^ 
and Havre, which is to add 2' to the mean time of 
high water, for every hour that the time of new 
or full moon anticipates the mean time of high wa- 
ter, and to fubftrad on ihe contrary 2 for each 
hour, that the times of new or full moon comes 
behind the mean time of high- water. 

For an inftance, on the 28th of yf«g-Mj5 171 1, 
the day of full moon, it was found high-water at 
4'' & in the evening, and the time of full moon, 
as noted that day in the ephemeris was at 5' 8^ in 
the morning, the difference between 5'' 8' in the 
morning, and ^" 45' in the evening j the mean 
time of^high- water at Brefi^ is 10' 37' j the double 
whereof 21 is the number of minutes to be added 
to 3''45',onaccount^of the full moon's anticipating 
the mean time of high- water, the fum gives the 
true time of high- water on the 2 8ch o^AuguJi 1711 
at 4*' O in the evening, the feme as was aifbually 
obferved. So on the ^i\\ Qf Dscember 1711, the 
day of new moon, high-waterwas oblerved at g* 
29' I in the evening, in the ephemeris new moon 
is noted for that day at 11^' 15' in the evening, the 
difference between 3'' 45', and ii"^ 15^, is 7' ^o^ 
the double whereof 15 is the number of minutes 
to be lubftraiied from 3" 45, on account of the 
times of full moons coming behind the mean 
time of high- water, the remainder gives the true 
time of high- water, on the 29th of December 17 1 1 
at 3'' 30' in the evening, within half a minute of 
what was actually obferved. 

As to the tides in the quadratures, high- water 
is then found at Mnjlt nearly about the fame time, 

tho* 
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tbo* with inequalities fomcwlmr greater than thofe 
obfcrved in the new and full muons, which is a 
Decenary confequence, fuppofing the motion of 
the tides to depend on that ot the moon, fiiicc that 
pjanec Is found by aftronomers fubjeft to greater 
inequalities in the quadratuies than in conjundion 
or oppofuion. 

Taking a medium between thefe inequalities, 
wc fhall Bnd the mean time of high-water in the 
quadratures, at Brejl at B' 57-', and the true time 
of high- water will be determined at Breft for the 
days of quadrature, after the fune manner as was 
done for the days of new and full moon, with this 
only difteretice, that in lieu of two minutes, we 
muft add or fubftra<ft 2^ from the mean time, 
for every hour the quadrature anticipates, or comes 
behind the mean time of high- water. 

The mean time of high- water at BreJl, m the 
new and full moons, being fixed at 3 ' 45', and 
in the quadratures a: 8' 57', gives us the retarda* 
tion of the tides from the new and full moons to 
the quadratures 5' 12', precifcly the fame as was 
obferved at Dunkirk^ and wirhin 2 minutes of what 
was determined at Havre', fo that we may take it 
for a general rule, that the interval bt^tween the 
times of the tide from new and full moon to the 
quadratures, is Icfs than from the quadratures 
to the new and full moons \ and that the diurnal 
retardation of thcfe tides goes in a regular 
kind of progreffion, tho* the terms of this progre!- 
fjon do not fall upon the days of new and full 
moons J and quadratures, but one, two, or three 
days after j it being obfcrvable that the efiedt of 
the feveral phafes ot the moon upon the tides, is 
not communicated immediately v and that the high- 
eft tides ufuaily happen two days alter new and lull 

Vdt.IV. N^40. Ff moons. 
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moons, as the loweft ufually happen two ds 
after the quadratures. 

We have already obferved that the highefl tide* 
do not always happen about the equinoxes, and all 
the lowcft about the folaftices ; but that the dif- 
ferent heights of the tide, feem to have a nearer 
relation to the different diftances of the moon from' 
the earth ; this rule, which agreed with the obfcr- 
vations made at Dunkirk dud Havre^ and which 
we venture to extend beyond thofe ports, is farther 
' confirmed by the obfcrvations made at Brcfl j hf 
•tis obferved that in the high cideis happening after' 
new and fuJl moon, the fea rifes much higher when 
the moon is near the earth, than when fhe is fur- 
ther diftant therefrom -y and that in two fucceeding 
new moons, where the moon is at an equal diftance 
from the earth, the tide ufualfy rifes to the liimc 
height. . 

For an inftance, on the loth o^ November 1 7 1 t» 
the day of new mooHj the moon's diftance from 
the earth was 93600 of thofe parts, whereof the 
mean diftance is loooooj which is one of the fmal- 
eft diftances that can happen % and accordingly 
the tide rofe that day 19 feet finches. On the 
25th of November following, the day of full moon, 
the moon*s diftat^ce from the earth was J 06540 of 
the fame parts, which is one of the gnrarell dif- 
tances that can happen; and accordingly the 
height of the tide that day was only found iS 
f^ec, 9 inches^ which is lefj by 1 feet 4 inches, 
than when the moon was nearer the earth - and 
this pretty much in the fame proportion as the 
moon's diftance from die eatih. On the contrary, 
the diftance of the moon from the earth being 
pretty equal on the full moon of the 29th dijulif, 
1711, and the new moon enfuing on riic i4ih of 
Augufi, the higheft tides wiiich followed on tht 
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1 1 of yuly^ and i6th of Augujl^ were found 
ibouc the fame pitch. 

But the height of the tides, which in thefc 
obfcrvatioQs fecnis to depend on the diftance of 
the moon from the earth, does not fuit fo well 
with the rule of the equinoxes; for on the 26i\\ 
of Sepumhr, the day of full moon immediately 
following the autumnal equinox, high- water rofe 
In the evening to 17 feet, 5 inches; and on the 
day following, which was that of the highest tide, 
it rofe to 17 feet 6 inches -, on the 12th oiO^oher 
next, the day of new moon, the height of the tide 
in the evening was found 1 9 feet, 5 inches , an4 
tlie next day which was the time of bighefb tide, 
it rofe in the evening to 19 feet 6 inches j which 
was higher by 2 feet than on the 27 of Seplemberi 
tho' according to the rule of the equinoxes this 
tide ftiould have been lower than the former, which 
was nearer the autumnal equinox ; but if regard 
be had to the moon's dilbince from the earth ia 
thefe two obfervations, it will appear that the 
tide ihould have been lower on the lyiho^ Septem* 
ifsr, than on the 13th o^O^ober, fincethe moon's 
diftance from the earth in the full moon of ^S^p/fw^^r 
was 10J970 greater by much, than in the new 
linoon of October^ when it was 94680. 

This relation of the tides with the diftance of 
the moon from the earth, not only holds in the 
high tides fuccedlng new and full moons, but alfo 
in the leflTer tides which follow the quadratures } 
for on the 6di. of Augujiy 1711, the day of the laft 
quadrature of the moon, when her diftance from 
the earth is 106300, which is one of the grcateit 
that can happen, it was found on the 8th of Au' 
gufi following the day of loweft tide, that the 
flood only rofe lo feet 10 inches 4 lineSj which 
i£ one of die loweft that has been known. 

F f 2 On 



-220 ThiMnroKY dndMtMoiKi of the 

On the ziftof Augttjf following, the dayof the 
firft quadrature, the moon's diftance from the earth 
was 97700, which was much left than on the 8th 
oijiagtfji, and accordingly on the 22d of Auguji^ 
the day of loweft tide, it rofe to 1 2 foot 5 inches 
6 lines, which was higher by t foot 7 inches than 
on the 8th of AugujL So on the 17th of iVtf- 
vember 1711, the day of the firft quadrature, the 
moon*s diftance from the earth being nearly the 
fame as on the 3d of December^ in the fame year 
the day of the laft quadrature, the low tides im- 
mediately following thofc phafcs were fonud aw 
bout the fame height. ■ ' 

It appears therefore beyond doubt, thar the 
different diftances of the moon from the earth 13 
one of the chief caufes of the different heights ob- 
ferved in the tides, which agrees likewife with 
Mr. Chi!dref% obfervations^ related in the Pbth- 
fophical TranfaSfions for OUcber 1 670, where he 
gives an account of feveral high tides, which 
cauied great inundations in England, and which 
all happened when the moon was in perigee. 

After laying down rules for determining the 
time of high- water, and the days of higheft and 
loweft tides, we proceed now to confider what 
befalls in low-waier, that is, after the fea is with- 
drawn and funk to her loweft ftate, which is alfo 
obfcrved twice a day. 

It fhould fecm at firfl: tight, that the ebbing 
and flowing of the fea being a fucceflive rnoiion, 
the time of low-water fhould be a medium be- 
tween the times of high- water immedi;^ttly pre- 
ceding and following it-, but by all oblervarion 
the fea employs more time in fallirgihan in ri- 
ling ; the reafon may be, that the force which 
obliges the fea to rife ftill fu! fifts for fome time 
after it has arrived at irs utmoft height, and thus 

keeping 
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keeping the water in fome meafure fufpended, 
prevents their tailing with fb much vclociEy, as 
they would do if nothing hindered their defcenc. 

• It follows hence, that to enter a port, 'tis by 
HO means fafe to come before the tide, fince at 
equal diftances of titnc the fea is lower before, 
than after high- water. 

But what is more remarkable in low-water is, 
that the higher the Tea had rofe, the lower it 
finks again ; and the Jefs high the tide had been, 
the lefs Jow will it be after the ebb. - For an 
inftance, on the 13th of Olf. 1711, the day of 
the higheft tide at Bfffiy the water rofe i^ feet, 
6 inches, above the fixed point » but upon the 
fea*s withdrawing, it was found i foot, 10 inches, 
below the fome point; fo that the fea had falJen 
that day 2 1 feet, 4 inches. On the con- 
trary, on the 6th of Sept. the day of the loweft 
tide SLtBreJi, high- water was found at 10 feet, 3 
inches ; and low-water^ on the day preceding, 
was 5 feet, [ i inches ; fo that the £ea had only 
fallen that day 4 feet, 4 inches, 
■5d 'Hence it appears more eafy to determine the 
time of high- water about new and full moons, 
than about the quadratures ; fince^ in a fpace of 
time almoft equal, the fea fometimes rifes 5 timet 
more in the new and full moons, than the qua- 
dratures. 

■^-From thefe obfervations it likewife appears, 
of how much importance it is to know the time 
of high -water in new and full moonR» fince on 
thefe occafions the fea-rifes or falls with more ra- 
pidity than about the quadratures ; fo that to 
bring a veffel into a port where there is only depth 
of water fufficient at the lime of new and full 
moon J might be dangerous, if the pilot were 
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QOe well informed of tlic precife time of high' 
water. 

From thefe cbfervations mw rules ppjight be 
Iwddown for determining the time of high and 
low- water, and the height thereof at Breji^ for all 
^imes of the year*,, and thefe rules being add^d to 
thofe already prefcribed for finding th^ time arid 
^jeight of high- Water at Dunkirk^ and Havre^ 
TifiU include a 1 moll every thing to be deGred on 
ljw« head, for the advantage of navigation. 

Tho* our intention be not here to give a gene- 
ral theory of the ebbing and flowing of the fca» 
yer we fh*ll here fubjoin our fentiment as to the 
Gftiife of the principal phoenomena oblervcd tlicf e-r 
in. ■ 

. In order to this, wt: fuppofe, that the ebbing 
and flowing of the fea, may arife from the pref- 
fion of the fun and moon, upon the coeleftial mat- 
ter which fur rounds the earth s but more from the 
prcflion of the moon which is nearer us, than that 
of the fup> which is farther off. 

Now in the new and full moons, when the fan 
and moon are nearly in the fame direftion wirh 
T.cgard to the earth, thole two luminaries pofl^f- 
Bng a place in the matter which furrounds the 
iarth, neccflarily comprefs that matter, and here- 
by prefs upon the water in thefea, which being ob- 
Jigtd to give way, and flow on either fide froin the 
place of prefTure to the diilance of 90°, where 
ihe fea mull be at its greatclt height \ in ciher 
fitaations of the moon from the Inn, the moou's 
afition being dirctfled difl^ercritly from that of the 
fiin, the prciTure upon the earth muft be Id's and 
confequendy the lea lefs high in its fiux, as weH 
asiefs low in its reflux 1 lallly, the eftcdt of the 
fun being oppoHre to that of the moon in tl>e 
qaadratures, the pre0upe occafidned by the moon 

mult 
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maft be partly deftroyed ; and,c<>nfeqaen(]y, tbrf 
fea be higher in the time of low-water 5 but lotrcf 
in the lime of high- water, as is a<ftua]ly^ xihf 
(trved. 

As to thediiferent diftartces of the moon frotrt 
fbe eanh» they mufir haife a fenffble eHtct on dbe 
heights of the tkles ; for the prcffran of the moort 
Opon the earth, muft needs be greater when rtear 
the earth, than when further off. Since the tBO- 
tion communicated in a Siiid near at Imnd, afis 
tnore forcibly than that communicated at a greater 
diftanoe, that it may be obfcrved in a fluid pet 
into motion, whereof thofe parts neareft the 
place where the motion commences are more agi- 
tated than thofe further off. 

IV- RejkBiom upen objervatiom of ibi baro^^ 
meter made By M. Vallerius direclQr tf fi- 
ver at copper mines in Sweden, hy M. dc 
la Hire, jun, tranfmted by Mr, Cham- 
bers*. 

Shewing M. Vallerius^ who is a good mathema-' 
tician, when he was fome years ago at jP*Nj, the 
changes which the mercury In ihe barometer un- 
dergoes between the top and bottom of the obfcr- 
vatory, I defired him to make the f^mc experir 
ftients in the mines under his care, which he did 
accordingly I aft iummgr in the wells ot Flemgfigie- 
nus and Ftemhtgffchatety and the mines called 
Falhumnfcs in the great copper mountain, an4 
upon the mountain Grufriis-barget adjoining to 
choie mines the heavens being very cloudy, acid 
the wind pretty ftrong, fo as to abate the heat. 

He began his experiments with an obfervatioii 
of tlic barometer at the entrance of the mltic, 

where 
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where he foiuod the mercury at the 24th, loth, 
and the fourth i ooch of the 5w<*df/^ foot, which, 
in Pdrij meafure, arc equivalent to 26 inches, 9 

lines, 1^9 of a Jine Here it may be proper to 

obferve, chat the Swedes divide their feet into 
12 parts, each 10th into 10 more, which they 
call lines, and each line into 10 parts. 

Then defcending with the barometer into one 
of thcfe mines 45 Swedijh fathom deep equiva- 
lent to 41 fathoms, i foot^ 2 inches, i line, f. 
Far is meafure, he found the mercury ftandingat the 
24th tenth, 7 lines, anfwering to 27 Paris inches, 
z line, and jVo of a linejconfequendy the mercury 
had arofc 3 5av^i/?j lines for 45 of their fathoms 
deep, equal in to 3 lines |oo of ^ hne for 41 
fathoms, i foot 2 inches, i line | Parts meafure. 

He continued defcending 45 Sw^dijh fathonis 
more, which is the lowcft he could go, and ob- 
ferving the barometer here, found the mercury 
at the 2 5hc tenth *, fo that it had arofe 3 Swedtjb 
lines, as in che former 45 fathoms, viz. to 27 
inches, 5 lines Paris meafure. Hence for 90 
Sineds/h fathoms we find 6 lines difference in the 
height of the mercury, which amount to 7 lines, 
f*§ for 82 fathoms, 2 feet, 4 inches, 3 lines, Pdf« 
meafure, '' "'' ' 

But to be further affured of the accuracy of his 
obfervations, he made 2 in his return up again, 
whereby the whole depth was divided into 3 
equal parts ; whereas in going down, he had on- 
ly made one in the middle^ after aicending 30 
Swedijb fathoms, he found the mercury funk 2 
Swedtjb lines, which anfwers to 2 lines j^*-, for 
27 fathoms, 2 feet, 6 inches^ 9 lines, Paris mea- 
fure. Afcending 30 S-widifo fathomsi fur- 
ther, he found the mercury funk 2 Swedijb hoes. 
m- t: — -Afcending 30 Swedijb fiithoms further, 
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he found the mercury funk % Si^idi/b lines.' - ■ — 
And Jaftly, arriving ac the entrance of the mineSj 
which is 30 fachom further, he found the mercu- 
ry funk 2 Swedijb lines lower, fo that it now ftood 
at the 24th tenth, and 4 lines, as at firft. 

Not contented with thefe obler vat ions, M. Val^ 
Itriui made others on the mountain Grufriis'bir" 
get^ ad joy Ding to the mine juft mentioned, and 
afcending the mountain 1 5 Hwedijh fathoms per- 
pendicularly high, he found the mercury i Swe- 
dijb line lower than at the foot of tlie mountain, 
or the entrance of the mine, which amounts to i 
line, j^|» for 13 fathoms, 4 feet, 3 inches, 4 

lines i Paris meafure Continuing to af- 

cend 15 Swedi/h fathoms higher, he found the 
mercury i Swedijh line lower than in the former 

obfervation and arriving at length at the top 

of the mountain, which was 22 Sivedijh fathoms 
higher than in the former obfervation, and con- 
lequendy 52 Szv^dijh fathoms above the entrance 
of the mine, he found the mercury funk i Swedijh 
line At fo that it now ftood at the 24thdecad, 
and ,\ of a line, and thus for ^iS-mediih fathoms 
had iunk 3 lines A, which in Paris meafure 
makes 4 lines \%^^ for 47 fathom 3 feet, 2 inches, 
, 10 lijies ,*p. 

■Defcendhig the mountain again, he obfcrved 
the heights of the mercury in the fame places as 
before, and found the fame differences, whence he 
infers, that 9 lines, and ^-^ of mercury, corrd pond 
to 142 fathoms of air, Swsdijh meafure, which 
amounts to 12 lines jVo, for izg fathoms, 4 feet, 
1 1 inches, 1 line, and f ^l. 

For the more cxa£lnefs of his obfervations, M. 
Vallerius informs me that he made them with two 
barometers which perfedly agreed from beginning 



to ending 
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By examining the obfcrvations above related,' 
that from the bottom of the tnine^ to 27 fathoms, 
2 feet, 6 inches 9 lines perpend icukr height, above 
' the top of it» there are 1 09 fathoms, 4 feet, 3 
iaches, for which the mercury funk 10 lines, and 
**^*, fo that r here was always a line tlifFerence in 
the height of the mercury, to 10 fathoms, t foot, 
6 inches, 4 lines, the mercury at the bottom of 
the mine (landing at 27 inches, 5 lines, and at the 
top of the mountain 109 fathoms, at 26 inches, 
6 lines, and^f^f. 

Thele I take to be the firft experiments of the 
barometer, in places of this depth, which makes 
them of the more conicquence, as rhey fhew thar 
the lame differences in the height of the mercury, 
correfpond to the fame bright of air, whether it 
be upon a mountain, or within the ground, even 
in a deep mine, where one might imagine that the 
great plenty of vapours^ muft have made the air 
confiderably heavier than elfewhere. 

Now upon comparing the obfervations of M. 
VaUeriusy with thofe made in France^ it appears 
that a line difference in the height of mercury in 
Sweden, correfponds to a Icfs height of air, than 
the fame is found to do by MeflT. C^Jfmi, PuatJ^ 
and de ia Hire m this country. '^ 

For M. Cajfrni at the loot of the mountain 
J^otre-Dame de la Garde, near Toulon^ found his 
barometer at z8 inches, which after afcending to 
the top, 1 78 fathoms 2 feet, was funk to 26 inches 
8 lines, fo that 178 fathom 2 ti-er, gave a di- 
minution of 16 lines, which is to fathoms 5 feet 
per line, fuppofing the air equally denfe in this 

whole height^ M. Picard again on Mount St, 

Michael found his barometer fink from the Grrtr, 
to the dial on the middle of the church, 4 lines j. 
the depth between which places is 64 fathoms, 
» - whence 
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whence he infers, that a line ditference in the 
height of mercury anfwcrs to 14 fathoms, i foot* 

4 inches. Laftly, my father on the mount 

Ciairely by Toulm^ found his barometer at 26 
inches, 4 lines, ^ •, but dcfcending to the banks 
of the fca he found it at 28 inches, 2 hnes, which 
is 21 lines ^ for 257 fathoms depth, or 12 fa- 
thoms per line % and from the IJke experiments 
at AUudm, he found 6 Hnes, ::|:, finktng of mcr-. 
cury, for 85 fathoms, 2 feet, height of air, 
which gives 12 fathoms, and 4 feet, nearly for a 
line i by other experiments made at the oblerva- 
tory, he found a line of mercury anfwer to 1 2 
fathoms, 2 feet and f. 

M.Cjt^/;/, jun. in the'memoirs for theyear 1 705*, 
gives a table of the heights of air correfponding to 
the heighrs of mercury in iJie barometer, founded 
on a rule cftabhflied by M. A/ara/i^/, wherein it ap- 
pears, that at 27 inches* 5 lines, the height of 
mercury found by M. Valhrius at the bottom of 
his mine, 1 1 fathoms, 1 foot, correfpond to a 
line dilTerence of height of mercury j and that 
at d.6 inches, 6 lines, which is nea.rly the height 
M. VaiUrius was fit on the mountain Grufnu- 
hergei^ 13 faLhoms of air anfwer to a line of 
mercury. 

The above- mentioned heights correfponding to 
a line of mercury are all greater than that found 
by M. Valleriusy tho* they ftiould be fmalier, fup- 
pofing as we may probably do, that the air is left 
and leis denfe the further jt is oif the earth, fince 
they are all founded on experiments which began 
at a point where the barometer itood at 28 inchesi 
whereas that of M. P'itikrius^ when loweft, was 
only at 27 inches^ 5 lines. - -But as this proof. 
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may not fccm convincing* I ihaJl fubjoin ano- 
ther founded on the fame principle, viz. that the 
air is an heavy elaftic body. 

If the atmofphcre * CX» which I fuppofe of a 
certain extent from the centre of the earth C, be 
divided from the top fo as to give all the points 
X, U, T, S, &c. where ihe mercury changes a 
line in ics height, thefe points will mark fpaccs 
which go continually diminiJhing in a certain 
proportion. 

If now a barometer be placed in any part of 
the atmofphere, thus divided as in R, and the 
mercury be found for inftance at 26 inches i if we 
would have it to fink a line, we mud raife it to S -," 
bur if while the barometer ftands in R, the atmo- 
fphere growing higher, makes the mercury rife 
27 inches. To make the mercury now fall a 
line, we maft not raife it the heighr RS, but the 
height EF ', for that the differeni: changes of the 
atmofphere, produce the fame etfefts on a baro- 
meter which keeps it place, as would be produced 
by removing it into a higher, or lower place, 
■while the air undergoes no alteration. 

But by the experiments of M. VoUmus wc 
find, that at a certain height of the barometer, a 
fmallcr height of air anfwers to a line of mercurv 
in S-wieden than in France^ than is found at a 
greater height of the barometer in France^ which 
ihews, that the atmofphere is much higher in the 
northern countries than *cis here ; and hence ic 
feems to follow, that the perpendicular height 
correfponding to a line of mercury at a greater 
height of the barometer in France. 

It had been conjeftured from the obfcrvation 
of M. Ricbtr^ at Cayenne^ that the atmofphere 
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becomes higher as ic is further from the line, the 
greateft height of mercury which he found there 
during a whole year, being only 27 inches, 1 
line J whereas, at the obfervatory, no year paHes 
wherein it does not rife above 28 inches, 

But the atHDofphere being higher in the nor- 
thern than the fouthern countries, the refraftion 
muft be much greater, which we find accordingly 
from the obfcr vat ions of fome aftronomcrs who 
attended king Charles 11. of Sweden ^ in an ex- 
pedition towards the north pole. 

It remains to account for the differences be- 
tween the obfervadons made in thefe countriesj 
for determining the perpendicular height of air 

correfponding to a line of mercury. ^ After 

fifdng the Icveral changes which nflr^ befall the 
air, I apprehend this difference owing to two 
principal caufes ; the firft, to a greater or lefe 
height of the atmofphcrej and the fecond, Co 
trains of vapours diffufed thro* the air near the 
earth, which on fome occafions may make the 
fpaces of the air : they are in heavier without any 
confide rable alteration in the height of the whole 
atmofphere. 

V. ^ continuation of the Gbfervations on the 
hezoars^ by M, Geoffroyj junior''^. 

In my firft obfervations I have remarked, that 
there is generally in the centre of each bezoar 
fome foreign body, about which the bezoardic 
Jirata2.rt formed and difpofed. It has alfo appeared 
to me, that it might be a fign, that the (tones are 
not counterfeited, as thofe who ihould endeavour 
to counterfeit them, would not think of ufina a 
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precaution* which would be of no fervicetoihem s 
and befides, they would never take the pains to 
feek for fo great a variety of fubftances, as thofe 
which ferve for a bafe to the different bezoar 
ftones. 

The very folHl bezoars are formed after the 
fame manner. Bececnt has obferved kerneJs in 
them of different fort?, pebbles, gravel, wood, 
snetalj coalsj (Sc, I have examined that fore, 
called PrUpQliteSy which grows in Languedoc j 
and one of them was given me by M. Bon j the 
centre of which is occupied by a piece of rock 
cryftal. 

Among the different kernels found in the ani- 
mal bezoar ftones, I have obferved one which 
appeared to jne to relemble the ftones of Co£ia 
or Tamarind, but fmaller, I have, however, 
found fince, that it might be the fruit of a pod, 
which I had not feen before, refcrabling that of the 
pod of the tree, called, Jcacia vera jEgypiiana. 
This tree grows in Egypt ^Arabia, -And other places. 
The pod, which is brought to u& from Senegal, is 
3, or 3 - inches long, and 9 or 10 lines broad i 
it is compofed of an outer and an inner mem- 
brane. The outer membrane is very tender, of 
a brown colour, and faftentd to the inner one, 
which is cartilaginous, and very thin. The mat- 
ter, which unites diem, is gummy, of a tranfpa- 
rentyeUowilh coJour j it melts in the mouth, and 
has a very rough tafte. In the ]ong£^ft pods I 
have found 8 grains kparated from one another 
by a fort of contradlion, which reunites the fidei 
of the membrance. Each cavity of the fe pods 
contains a Bat grain, rcfcmbling a lupine, fome^ 
times exajftly circular, and fometimes a little 
compreffed by die contraftion of the pod, which 

is 
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is defer in the middle than at the two ends ; fo 
that the fruits of the middle of the pod are a littic 
cornprefled, aad thofe of the end are exactly 
round. 

What made me judge thatthefe fruits were 
thofe which I had obierved in the bezoar, 
which is round, and a Jittle flatted, is that 1 have 
found them to have the fame marks, and among 
many others, a circular whitiih linr , drawn upon 
each face of the fruit, fuch as appears upon that 
which is found inclofed in the bezoar. I put ibmc 
of thefe fruits in water, they fwelled almoft in the 
fame manner as they wouJd have done when found 
in the ftomach of the animal, where they began 
to be covered with the bezoartic matter. The 
tinfture which I drew from thcfe fruits was red 
and very ibur. I threw a little vitriol into it, and 
it grew black : thefe feeds, and their pods arc 
ufed in the country where they grow, to tan lea- 
ther. From their dccoftion in water is drawn a 
juice, which is thickened, and brought to us under 
the name of Succus Acacite, It is alfo pretended, 
that from this Acacia tree, that the fgum is ob- 
tained,, which we call gum arable, and gum fene- 
ga]. Is there any probability that the makers of 
the bezoar Ihould go to look among other things 
for the fruit of the Acacia^ to make one of the bales 
of their com pofit ion ? And is it not more likely 
that thefe fruits and fome others, which ferve for 
nourifhment to the animals, caul'e by their aftric- 
cion a thickening of liquors in the ftomachs of thofe 
animals, which eat the moft of it ; this thicken- 
ing of liquor may caufe the formation of the 
bezoar ftoncs. 

This is the manner in which thofe ftones grow 
in the ftomach of the animal that bears them, and 

grow 



2^2, The Hi&TOiHY and MEMOitis of the 

grow to the ftate in which we find them. There 
may be feveral found in the ventricle of a. iingle 
animal. Javer»ier fays cxprefly, that fix of 
chefe goats which he bad for a prelent, had in all 
17 bezoars, that they might be felt on the oucfide 
and counted, which increafcd the price of thefe 
animals, in proportion to the number of beioars 
chat were felt in them. This agrees perfei^ly with 
whixCiu^us reiates of the animals which afford 
t^ie occidental bezoar. He fays, that a friend of 
his in p4rUi who had firft made the difcovery of 
the occidental bezoar, being defirous to know 
how thefe ftoncs were formed in the body of chele 
animals, dillcded one of them, and found in thc: 
ftomach a fort of pouch, where thefe i1:one& were 
ranged m order, as tiie buttons upon a coat. 

Thefe two palfages arc quite oppofite to what 
Pomet tells us, that only one bezoar is found in 
the belly of each animal. He alfo affures us, 
that he would not have ventured to contradict, 
the authors, who have treated of itj had be 
Dot had a piece in his hands tojtillify his opi* 
nion. 

It will be proper to examine ic here^ as oc 
body, that I know of, has publickly txpoi'td Pomet* 
error concerning the pretended coat of tlic animal) 
hezoar^ which he faid was one of the greateft cu- 
riodties that had been feen for a long time in tranu. 
in the opinion of all judicious per Ions. ^ 

This coal ii^ lays ht*, of the btgncfs of a goofi 
eggy having on the mitfide a jbart rough hairy $f 
& tawny cdour, 'u;hicb being cui in two^ dijlcvers 
thin brsvi-n foell, ^vhicb covers another whits fi^dl 
as hard as a beniy in ivhicb the fi one is catttaina 
that is called tbe_ bezoar. 

* Psmst i» lis train dti dr^gutif Hire %its antm- pag. lo,,,j 

Now 
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"Now this fo lingular a covering of the hzeat%' 

of which he pretended to have made the difcoverf i 

is not any part of the'animai which bears the bexoar-t 

but an exotic fruit, in which cither Pomet^ orfofrtft 

quack, whom he had fuffered to Impbfe upon him, 

had" very artfully incJofed a be'zoar (tone. This 

fraud was not difcovcred *til! about a year ago. 

As I was to examine this fmgular dtag of M. jPi?- 

met\ in company with M. Vaiil&ni and M. de 

Jujftiu^ demonftrators of the plants in the royarl 

garden, we perceived that this pretcnfdcd' covering 

cavAd not be a part of an-y animal, tind that it 

mnft be fome fruit but little known s'Tbis was af* 

Ecrwards verified b/ M, VaiUsHf\ ■'Vfhfi found he 

had fome of thcfc fruits, and could tiiake i^^S!(?rfi'j 

of them, with their coverings, jiift \\kttht' bezoars 

ib ' much efteemed by Pmm $ and I have rrfade 

fome of them myiclf.' -This fruit grbws upon a 

fort of palm-tree defer ibcd by John Bauhimu^ and 

called by him Palma euciafera: thi^^fruii! is alft 

defcribed by Tbsophrafius. The tree grows in 

Egypty Nubia and EtJbropia. C srai u J culis itlH.^ 

Inkica miner, and has given a deffxiption of the 

fruit, fych as I ha vejuft now related from Pmei, 

in fpeaking of the coat of the hszQurk • This' de- 

fcri ption wants only one particularity omured by Po- 

;0ff^ which is the Ikin that again cov^fs-.the Whole 

fruit, and is of a tawny yellow eoWurj the fruit 

has a footftaik divided into 6 parrsj g-gfeat oiks, 

and 3 I'mall ones. This would hj^ve- beeniiifiicienc 

to have undeceived him, or thofe who hiive br^rcn 

deceived after him, and it is of fcrviqe coward the 

perfed ion of natural hiftory, that bauius of th(a 

kind ihould be carefully revealed. / 

It is not without reafon that I puE inrny laft 
memoir in the rank of bezoars all tiie fubltances 

Vol. IV. N*. 40. Hh ■ that 
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that are formed ia Jlrata in the bodies of anim^ 
The pearfs which I reckoned in this number, dc- 
fcrve it fo much the better, as I have found fome 
ia<:crtain JbeUs, fo like the common btzear^ fhac 
they arc hard to be diftinguifhed at firft Gght : 
Thcfe pearls arc engendered in a fort of ftieil-fifh, 
called Pinna Martndy Pmnafi'ue Afiura Mathi&U % 
we fee a great quantity of them on the coafts of 
Provence^ where rhey fifh \n April and May-i this 
fort of filh i£ called nacre in that country. 

The peaHs which are found in thefe fhells, are 
all of the fame water; fome are, as I have faid, 
perfcdtly like hezoar ftoncs*. others of a coral^ and 
amber colour, and othen of a pear! colour* but 
more leaden i the mofl: ufpal fhape of them is that 
of a pear. All chefe varieties of fhape and coloac 
do not hinder them from beingof the fame nature* 
fince they grow in the body of the fame fifli •, 1 
have four of a different water and ftiape, which 
were taken out of the fame fhell. Th;il tUefc, ami 
all other pearls are formed in the body of flieU- 
fiflies, as the common hezear is in the ^oats 
that furnifli it, is not difficult to prove, fince upon 
breaking thetn they are found to have ftripes Hke 
oaXMnhiZoars already mentiontd, and formed a- 
bout a nuclius or kernel ^ wjbich feems itfelf to be x 
little pearl. 

Some of them arc fo uneven, that they do not 
prefcrve the figure of pearls, but the matter of 
them is always difpofed \ufir&ta^ like the be- 
zoars. Now it is never queftioncd but that the 
oriental pearls are of the fame nature with thele 
which grow in other (hell-fifhes, as in the com* 
mon oyfters, and in the different forts of mufckt. 
AH the difiiirencc between them comes only frDin 
their dificrcnt wato:, buc is every where the fsme 
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matter, ind the &me flru^fcure, as may pJain^ 
be feep in the different pearls fouod in the pinna 
marina. Pearls d^rcforc muft be looked up<m 
as true bezmars^ as to their nature, tho' diey ace 
not per fcft ! y fuch as to their virtue; rh 

The pearls are not thconly thing thai is obier- 
vable in the pinna manna. T^is ihell-fiih, which 
is a fort of great mufcJe, coniifts qf a large pieces^ 
rounded at top, and very, much pcjntcd at bottom, 
very unequal on the outfide, brown and ftnoodi 
on the infide, towards the point inclining do the 
gtdblttr of niother of pearl . They are of dilfe-ent 
llMsitom I foot to zi in length, bciDg-in the broad- 
eft part about j of their length, chele ihells are fo 
thin, ihit they are tranfpajeni ; what is molt re^ 
markwble in them, is a iortof tuft, irbout 6inchra 
longt more or lefs according to theltze ofthefticJI. 
This tuft h ficuaced toward the point of the fid^ 
oppofue to the hinge j it is compofed of fcveral 
filaments of a very fine brown filk, thefe little 
threads being viewed thro* a microfcppe appear 
hollow^ when burnt th:;y a&brd an urinous fmell 
like filk. The ancients have called this fubftancc 
hjf^^* either on account of its refeniblancc to the 
iyU'ts, of which they wove precious: iluffs, tir 
perhaps it might be the very ^_y_^ritfdf, which 
.they uftd for that purpoft; for the mofl able cri- 
ticks have not fufficiendy cleared op what wc are 
ta underftand by the ityjfus of the ancients j they 
hive only diftingiiifhcd two forts of it, that of 
Gr£€ce^ which wds found only in the province of 
Edisy and that of Judsa, which was the finefl:. 
The fcripture *infortns us, that this was uied in the 
Ciccrdotal ornaments, and the wicked rich man 
was cloathed with it. But as the ancients under 
the name of byj[us, have confounded cottons, and 
• Id our tranllatloa of ihe bible h£ut is rendered _^b* linnen. 

H h 2 ftll 



all other fhjfi& that were more precious than wool- 
len, it is not ealy to fay cxa<5tljr what their h£iu 
.was* and whether it was obtained on J y from the 
^ells juft mentioned ; this is certain, that Arifistle^ 
"who calls the filk of thefe fhells hyjfus, fays it 
may be wowen, and therefore it can hardly be 
^queftioried but that it was ufed for the deaths of 
great perfons, in the ages when fiik was but little 
-knowrv/ and-farely feen •, in fhort this bv£us^ tho* 
■icoarfcly f^un, appears much finer than wool, and 
-approaches pretty near to filk ; they now make 
'ftockings of it, and other works, which would be 
• more valuable, if filk was lefe common ; tofpin 
'■ this fort of byjfusi they leave it in a cellar, to grow 
' moift and foft ; and then they comb it, to feparate 
- the flocks a'fid impurities thatftick to k, after 
\ which they fj)in it, as they dO' fi Ik . 

•The Bfiieg, which afford the b^jfus^ make ufe 
it to fafieii their ftiells to the neighbouring 
^ bodies, fof d* they are planted diredly upon the 
-"' point of their fhells, they have need of thefe fila- 
5' ments, which they extend all around, like thtrcor- 
\ dage of a maft, to keep thenifelves in that fi- 
* tuation. " •':■'■' ■ ''"' '^^^ 'f-'"' 

-' 'I It' is "probable that •fife"'' jPlrffAfl marina forms 
''wtli^ftfoi^rs of threads, with the fame mechanifm 
-■'tiis^^^, d^'Re/iumur has obferved in the fea- 
i' mufd^ i but'ihofe of the pinna iie more fine and 
';"ft'lky';'trtid accbrdtng ta Rrndtletius^ they areas 
■••differentffom the threads of the mufcles, as filk 
'/^isfroriihcmp, which may _;bcleen by coniparing 
■f * - '^Ihenni tdgct he r. i n I fc 3 v . 

-'■''^ There kre fome little crabs that get into the 
®' {he]\sof thrpt'mif}, ot which the antients have rc- 
. lated fijcb''fihgular fatls, thic n may not be amifs 
S' ' ttV exfimine them here. 

They 
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They thought this little animal grew with the 
fiih of the pinna ^ for its preiervation, and there* 
fore called it the guardian of the pintta^ imagining 
that the fifli perifhed as foon as it come to Jofc its 
guardian. And this is what they thought made 
the little crab fo ufeful to its hoil. 

As the pinna iS without eyes^ ajid befides 1$ 
not endued with a Very exquifite fcni^uon* whilft 
its (hells are open, and the little fifljcs enter, the 
cxab gives it noiice by a {light motion, that by 
)<K>ntrading i:s Ibells at once, the fKhes may be 
taken, and then the pinna and the cmb divide the 
, .booty between them* Thofe who did not believe 
•ffihat the crab received its birth )[\ th« §iells of the 
•finna^ raife the wifdom of this littJe animal 
L#ill higher^ which in order to lodge itftlf in the 
flielU of filhes, takes, its opportunity when they 
slareopet:, and has' the cunnirg to put in a little 
2,'ftone to hinder them from fliuttiog, and fo eats 
:^p the Hfh, But ail thefe circum (lances are like a 
tjgreat many others related by the ancient tvatura- 
-tdifts, . without much foundation j and this is what 
•ilhas contributed 10 decry their works, tho* they 
otherwife inform us of feveral things that arc true 
tsrOind curious. , What they tells us here of the litdc 
.•l,"!CFabs that lodge- between the fhellsof thep*««fl, il 
cafiSy difprovcd i for in the firft place, thefe little 
animals are found indifFerenily in all bivalve fhells, 
as oy(t<:rs and mufcles, as well as in thofe of the 
finna, where wc alfo fometimes find fomc little 
(Keli-fiflics, which get in or faftcn themfelves up- 
on them. I have a little concha venerea^ •w\mh 
:ij» was found Ihut up and alive in the fhcll of a pin' 
-'»■! na, Bt'fides the filh of thefe ibells does not live 
upon flefh, any more than the mufcles and oyilers, 
but only upon water and mud. • TJms^ (he cunping 
of the little crab is of no ufe to it. 

Laftly, 
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Lflftiy, rhe Ikrie crabs da not eat tbe fifljes of 
Ibc flaells where thef Icx1gc» for we fiorl thefe HQieJ 
^Qnd and whoje v«hh th« ikrle crabs di^c accoin- 
pany ihem. 

It is only chance cherefc»ie chat throws thefe liei" 
tie animajs into tiie ftiells whilft they are open, or 
•Ife they retire thirhcr for Oidter, as ibey arc very 
ofcen found in the holes of Iponges aod ftones, and 
in the exterior divides of the fhd Is, i. 

A* I liave referred to the fecond cJafs of bezcun 
the A ones of the fame nature which are eaken 
from animals, I fhili add thofe which I iatfly 
I obferved in the bags of the beaver* which arccaJ* 
led citjlor. Among feveral that I opened, J found 
one which fcemed bigger than the reft, and w-a; 
filled with ftones of ditfcrent (izes. According^u 
The comtnon prejudice, I ftiould have thought 
thefe bjgs had been falBiied and filled widii 
les CO increafe their \veighc j but upon cxatnin?-; 
ingthem, I perceived that all thele itones- ad- 
-feer^d, and Were pretty regular in their (h ape. lu 
-prcfented fome of thefe ftones to rhe ft4 me of * 
candle, and they burned like thofe taken from 
thegali-bladder^ and hadafmell or caftor. Ihefe.- 
^ones prefty intKih (trfemble the kernels of mcd^> 
i\H&t as -bhofe cotninonly do. which are fotind 
•JB the gall-bladder. They are tender, and dtC^ 
,pofed m jlrais^ which are feparated by m< 
•brtiwesdilpcricd through the fubtlance of the 
'ixA forming the parEiiions of the cells,, 
■biggcft that 1 have fountl are 6 lirics long, 
broadband 3 in ihicknefs. The others, wliich 
,-*fe in greater number, diminilli in bignefs^. ai 
the fmaJlefl: are but about the fize of pins hcigdii 
,It \% not probable that thefe ftones have been add- 
'td in the caftor* confidering the manner in which 
I have aJrca jy obltrved dieai to be cojiftruftcd. 
^"" The 
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The juice therefore contained in thefe begs mufl: 
have thickened and curdfed* about the tncmbranesj 
or their glands; and fo have ferved for a hife to- 
the formiition of thefe ftoncs. It is obfcrved, tha£ 
ftoncs. are fosmedin all ihe cavities of antmal tio- 
dies, and even in the glands 5 and thus the- narne 
of bezLoar becomes lib txtenfivt, 1 chink there- 
fore Mre rBay range, thefc ftones in the nwmbef'of 
bezoars, as well as the differetrt forts of pearls, 
fince-riiey refemble the bezoar in their Itru^turc 
and-vertuc. The caftor being ufed in medicine » 
foriiiy the bmin, refill poifon, afilrage tiie va^ 
pours, and drive them otir by perfpinuion, the 
(tones which are found to conrain the fame prin-' 
dplca, muft have the frrne efie<fts, and confc- 
quently the fame virtues ^thtr bczoardic fabftances. 
As I' treat oJ' the.' eaftor ortly with regard to the 
ftoneSt which I have obferved, 1 Ihall not (^op 
here to ddcribe the acimiil, ror the bags which 
contain the fiibftance called caftoc, feeing the 
anatomy of it has been already m^ide by the aca- 
demy. ^ 

. ,'.i ftiall only propofe my opinion on the choice 
of this fubftance. I agree with chofe who are ac- 
fjuainted with it, that fome of ic may be falfified, 
but I believe that the difference in its ffnetl and 
confiftence comes rather from the clin:iate, the 
food, and the age of the beaver^ than froni any 
counterfeiting. The moft common, and leaft 
efteemcd caltor is that from Canada, It is 
looked upon as counterfeited, becaufe it has ei- 
ther no fmcll at all, or a dilkgreeable one. I have 
opened fcveral that were foft, and of very little 
fmcll, and yet without any appearance of fophi- 
fticatioot for the cells were neither fwoln nor 
torn. On the contrary they were divided by' 

njcmfarancs 
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membranes adheriog to the covering, as we ob- 
ferve in thofe which are not fufpedted to be fpu* 
rioiu- The caftor of Dantzki is efteemcd the 
bcft, and ye: chat of the Levant furpafles it. 

There are fome beavers alfo found in Franet^ 
in fome parrs of the Rhone ; they dry their bags* 
and this fort is very good. I have fome in my 
col]c<^ion, dried by an apothecary of Fjlieneuve- 
ies-Avignon^ which are very good and large with- 
out being adulterated. I have found chat this 
caftor was aot at all inferior to that of Dantzick, 
That of the Rhone is commonly fold for that of 
DaniZick, there being no other difference between 
them, but in that of Dantzick having the ftrongeft 
fmell. I am perfuaded, that our caftor of the 
Rbsn€y has the fame quality with that of the Levant 
and of Danfzkki the bags are dried in the chimney 
where the liquor may ferment as it dries, which 
caufes the caftor to acquire continually a ftroa- 
ger and more proper fmell. 

VI. ^ machine to difengage the horfts abp' 
lutely^ and at once from a coach^ nvben toey 
are headftrong and run away i by M. de la 
Hire, thejbn*. 

The accidents, which happen when horfes run a- 
way, are fo great, that I thought I ftiould do a good 
piece of fcrviceto thepublick,, in finding out fome 
cafy way of hindering thcfe accidents. 
Among all the machines I have thought of for this 
purpofc, I have found none more fimple than thai 
T am going to defcribe; afrcr having explained 
the figure which reprefents the whole fore-part of 
a coach, called the/fltt-farritfg-f, in order to fticw 
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what is cailed the fplinter-bar^ with all the parts 
that depend upon it, the place where it isfattencd^ 
and its uie. 

*Fig 13, ABJs the pole, of which the fartheft 
extremity from the coach, which is furnifhed with 
a hook QR, is reprefcnted underneath. 

CD, CD the two futchells. 

EF the fplinter-bar faftened upon the two fut- 
chellSj with 2 iron fcrews, 

NN are the cramps of the fplinter-bar, which 
go into it, and are faftened at the mouldings, 
they hinder the a leather rings GH, GH, which 
pafs within as in the 2 cramps PP of the bars, 
from getting out at the end of the fplinter-bar. 

LK, LK are the two bars fufpended, as we fee, 
at the two ends of the fplinter-bar, by means of 
the two leather rings, and in the middle of the 
bars are the cramps PP, which hinder them from 
nipping in the leather rings, 

LM are the traces with which the horfes draw 
the coach 5 they are fitted at each end of the bars 
in fuch a manner, as to embrace them the more 
ilrongly, in proportion as the horfes draw with 
more effort. 

S, the foot-board. 

Fig, 14. repreferts the end of a fplinter-bar 
more large, with the bar which is faftened to it 
by the leather ring, to fliew all the fmall parts 
of it better. 

I believe this explanation of the fore-carriage 
will be fufficient to underftand, what I fhall fay 
in the fequel of this memoir. 

The machine in queftion is applied at each ex- 
tremity of the fplinter-bar, which is furnifhcd with 
2 mouldings, two or three inches diftanr from 
each other, and raifed about k an inch above the 
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body of the fplinter-bar, which is cylindrical, be- 
ween thefe cwo mouldings. 

It is between thefe iwo mouldings that the lea- 
ther ring of the bar is placed ; ic is madeof feveral 
leather thongs fewed together, the two cnda of 
which are joined by a buckle; in this manner the 
leather ring is drawn into length, and at one of its 
extremities embraces the end of the fplinter-bar, 
and the other at the middle of the b.ir. 

Frg. 15. One of the ends of the fplinter-bar is 
xeprefented by the letters A A •, of the two mould- 
ings, which are there, that whicli is moft at the 
excremtty of the fplinter-bar has been Ihaped to 
8 angles, that the end of the fplinter-bar may be 
the lefs diminillied, becaufe of the fubjetflion which 
I am going to mention j there are 4 of them large 
and 4 fmall, to give a greater feat to the fides of 
the ferril» which Ihall be fitted to it i the figure 
that has been given to this moulding mult be in- 
fcribed in the end of the fplinter-bar, which bears 
Jthe leather rings of the bar, that it may enter into 
the iron ring O. 

i This moulding being thus made o£tangular, has 
two of its great fides placed verticaliy, one to- 
wards the coachf and the other towards the horfesi 
the two others are placed horizontally, one above 
and the other bebwj it is furnifhcd with a fort of 
iron ferril B, which is alfo octangular. 

From the face of this ferril, which is toward the 
coach, there comes out perpendicularly an iron 
pin D, about an inch and f long. The extremity 
of this pin D is rounded like a pivot, that it may- 
enter into a round hole at the extremity L, of the 
piece of iron LK, which I call the traverfe, and 
be rivettcd in fuch a manner into It, that this ttx- 
a^erfe, which is perpendicular to the fin D, nwy 
move circukily in it. 

The 
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The traverfe LK about 4 inches long, and 10 
lines broad in the place where it is moft fo, has 
toward the extremity K a hole M, which pierces 
thro*, to let the bit of iron pafs when it is prclTed 
i]pon it« 

The piece of iron F, which is an inch and f 
high, is raifed perpendicularly upon a pin E, 
which being parallel to that which is mark'd D, 
rifcs from the middle of one of the vertical faces 
of the fort of ferril C, namely from that which is 
toward the coach j the moulding to which this fer- 
ril belongs, has been made tjuadratigular j fo that 
two of its faces are vertical, and two horizontal, 
and the ferril C is circumfcribed to the part of the 
fplinter-bar, between the 2 mouldings. 

Acrofs the two upper horizontal faces B and C 
)f the two ferrils, as well as of the oppofite faces, 
►.and acrofs the fpl inter-bar, pafs two Jkrews, which 
Vhave their heads marked 3 and 4, and enter into 
>the lower horizontal faces, which arc oppofite to 
\B and C, to fix the two ferrils B and C to the fplin- 
ter-bar A A. 

The ihong PQRSTVXy is the leather ring 
of the bar, it embraces at one of its ends that pare 
of the fpltnter-bar, which is between the two fer- 
rils B and C, becaufe the extremity PQ_is fewed 
to the under part-, it is flit in the middle of the 
fpace between the two ferrils, to receive in its 
thicknefs the iron ringO; this ring embraces the 
fpl inter-bar in this place, and has a pin or tongue 
8, which is perpendicular to ir, and enters into the 
hole Z, marked toward the extremity XY of the 
leather ring of the bar. 

When the tongue 8 is entered into the hole Z 

of the leather ring, if you p:^fs the bar into the 

JeathtT ring at the place TV, you wilt make t\ie 

ring O turn, and the tongue 8 will come before;. 

li 2 « 
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it is to hinder it from coming before, that wc 
iball lower cbe traverfe LK upon the pin £, and 
make the double key H enter into the hole G* 
which goes thro* the piece Fj but as the dirt might 
fall between the plates of the kejr H, and hinder 
it from being drawn back, there is faftened upon 
the traverfe LK the box N, the entrance of which.! 
will be ihut by the head of the key when it is put 
^H) fo chat nothing can get into the box. 
, We JfiC by the conftrmflion of the machine* 
that the horfcs which draw the bars, make a con? 
tinual effort to ratfe with the tongue 8 the traverf 
LK, which cannot get loofe from the piece F, 
becaufe of the key H which paflcs through it- . 
The other bar is faftened in like roanncfi acthd 
Other end of the fplinter'bar. 

There remains nothing now but to ihew how i 
W^ may draw all at once^ in the fame inftant, thc' 

:Icey H, and that which is at the other end of the 
fplititer-bar. 

To do this we take a leather ftrap or thong flit 
])i one part of its length, one of the ends of which 

f paffes over one pulley, and the other over another; 

lihefe two pulleys are placed horizontally, and are 

!in a doable block, the gudgeon of which enters 

I perpendicularly into the middle of the [length of 
the fplinter-bar, and into the face which is toward 

1 the coach. 

The two ends l of this ftrap, after having pafled 

j over the pulleys, embrace thc rings 6, which are 
behind the heads of thc keys, and there thefe two 
ends, or thefe two parts of the flit end of the ftrap 
are fewed together •, the other end of the ftrap, 
which has not been flit, paffcs under the foot-boiu-d 
and thro* the axle-tree of the little wheels, and is 
fartened to a filk cord, which enters the coach at a 

hole. 
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hole made in the middle of the fore-part, ]ik« 
that thro* which the ftring pafTw, eo give the 
coachman notice when to ftop. 

It is eafy to fee, that if the perfon in the coach 
pulls the ftring, whilft (he coach is going oh, he 
will difengage the pins H from the holes G, thaC 
at the fame time the tongues P will raife the tra- 
verfes LK j that the end oTthe leather ring XY will 
come off from the tongue 8, and confequently that 
the bars will be no longer faftened to the fplin^ 
ter-bar v and as the bars are no longer faftened,^ 
the coach can no longer be drawn by the horfes, 
becaufe they are only fiiftened by this parr; hal- 
ving fubftituted a fpring inftcad of the little ftrap, 
to hold the great leather rings engaged in the iron 
hook, placed at the end of the pole ; theft leather 
rings lower this fpring, when the horfes continue 
to go on, and the bars are no longer faftened to 
the fplinter-bar, which J ih ill explain mofeal? 
length, when I fpeak of the other advantages of 
this fpring. 

The con venience of this machine is, that it may 
veryeafily betaken off from one coach and puC 
upon another i for you need only undo the two 
fkrews^ and 4, ami to unfew and ff?w again the 
twoftraps which hokl m the two keys, becaufe I 
fuppofe that care will be taken, before the two 
mouldings at the two ends of the fplinter-bar are' 
made angular, as 1 have obfcrved, to fallen a 
double pulley to the middle of the fplinter-bar, 
and to make a hole thro* the axle-tree of the little 
wheels of all the coaches, to Wi'nich we would have 
the machine applied, and they will ferve as ulual, 
when the machine is not on, becaufe we may pafs 
into the holes of the fplinter-b.ir, whttre the two 
ikrews 3 and 4 enter, the pins of a cramp, which 
ftiall be furrowed at the end, to Ikrcw nuts upon 

theni 
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them to hold the cramp faft to the fplinter-bar, 
and by this rocans hinder the leather nng$of the 
bar, from flipping off the end of the fplinter-bar, 
as is done to ail coaches. 

It is not enough to fhew the way to prevent ac- 
cidents, when two horfes run away, but we muf 
alfo prevent them, when there are 4, with a pof- 
tillion or without one, and when there are 6, an( 
when the poftillion has been thrown under the horfe 
that he rode upon, or when he cannot goverti the 
horles. 

When there are four horfes to a coach, the two 
before are fattened either with traces, to the wheel 
horfes, or to two bars fastened to a fpluitcr-bar by 
two leather rings, Jilce thoJfe next the coach j 
this fp) inter- bar, to which the two fore-horfea are 
faftened, is encompafled in the middle part by 
a leaiher ring, in which thei r pa fles another, where 
tile end of the pole enters, which has a hole to re- 
ceive an iron pin, which is faftened to the end of 
the hook» with a little flip of leather, and againft 
this pin the leather ring refts into which the pole 
enters ; in this mannner the fore-horfes draw the 
coach by the end of the pole, but when inftead 
of four hoj ics they put 6, they only fallen the two 
firft, to the two fecond with traces •, and ib the 
four firft are faftened to the coach only by the end 
of the pole. 

In order therefore to hinder the accidents which 
might happen, if four or fix horfes were to run 
away, we muft find a way to detach all at once 
the leather ring, which is faftened to the end of 
the pole, which the machine I am going to dc- 
fcribe will do, after having fa id that the wheel 
horfes have each of them faftened to the breaft lea- 
ther of their harnefs a great long leather ring, ii 

wliich 
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, which another leather ring is received* in which 
the end of the pole enters quite to the bot- 
tom of the hook. 

Fig. 16. the end of the pole is reprefented 
I by AB, and CDE reprefents the hook which 
.-is applied to it, and differs from the common 
iimes only in that the end E is flatted, having 
ra flit KF in its thickneis, and pierced quite 
thro* with a fquare hole G. 

In this (lit KF between the extremity FK 
of a piece of iron FKL, which rums upon % 
hinge in the piece of iron MNO, this piece 
enters perpendicularly into the pole almoft to 
■the middle, becaufe the plate of the hook, and 
the pole are perforated with a hole QR rounded 
ai the two ends, of which the breadth is equal to 
.the diameter of the pin MNO at the bottom, and 
the length to the quantity with which the pin 
MNO enters the pole % it is againft this pin 
that the ring rcfls, which holds the fplinter-barto 
which the fore-horles are faftened. 

Therefore to detach the fore-horfes from the 
ncnd of the pole, we need only faften the piece of 
iron LJs. F to the end of the hook E, fo that it 
may eaGly undo; this may be done by means of 
a fpring ST, of which the end S is held fait to 
the plate of the hook by the fquare rivet V, and 
the other end T, which h of the breadth of the 
end of the hook E is perforated by a long 
flit, in which there pafTes a ring H, which 
holds to the extremity of a fquare iron pin, which 
pafTes thro* the 2 ihicknetfes of the end of the 
hook, and of the part FK of the piece FKL, and 
fills the fquare hole G. 

The iron pin HG is infbead of the flip of Jea- 
-ther which holds to the end of the hook the iron 
pin which paffcs into the end of the pole. An- 
other 
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other ring I is engaged in the ring H, or a Jitde 
flip is tied in a knoc to it, that when the Tpring ST 
is lowered, ic may nnke the pin HG come out 
of its hole. 

I have fa id there were two leather rings in 
which the end of the pole went quite to the bot- 
tom of the hook, that is, they occupy the place 
SP i but as the eivl of the pole cannot be made to 
go into thefe rings without lowering the fpring; 
fo they cannot get out without lowering it, 
and alio difengagiTig at the fame time the pin 
HG, which no longer retaining the piece FKLO 
in the end of the hook, it will be carried away by 
the leather ring which rcfts againft it, and the 
fore-horfes will go away widi the fplinter-bar. 

We lee by this conrtruftion, that if by the firft 
machine we detach the 2 horfes from the poie, 
they cannot go forward without lowering the 
fpring ST, and at the fame time detaching the 
fp!inter-bar from the end of the pole, and confe* 
quentiy the horfes which are faftened to it. 



VII. A comparifon of the obfer^ations of the 

eclipje of the moony Jan .23, 1 7 1 2, in the 

evening, vmde at Nuremberg, by M. J. P. 

Wurfelbaur, a/id at Paris, at the royal ob- 

fervatory by Mejf. de la Hire*. 

We are not . to expe<5t ib great an exa<51:ne6 
from the comparifon of thefe obfervations, aa 
from thofe of the eclipfes of the fatdlites of Ju^ 
piter. And yet we ought not to negleft them, 
fince we may obtain from them confiderable adr 
vantages to geography, when we have not an op- 
portunity of oblerving thofe of the fatelliresj and 
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efpecially with regard to places that are very di- 
ftant from each other ; and if ufe had been for- 
merJy nude of ihofe which were obferved, there 
would not have been fuch defen5live maps made 
asthofe which were publiflied before the academy 
began to make ufe of the fatellites of Jupiter for 
the determination of the longitudes. 

We have drawn the following table from tliee 
obfervations of M. Wurfdbaur. 



AtNuremkrg. 


Phafcs. 


At Peril. 


Diffeteoce 


hi H 


t 


^ t J/ 


/ tf 


7 28 40 


1 


6 50 50 


37 50 


7 32 19 


I 30 


6 58 50 


33 29 


7 50 40 


3 


7 25 20 


35 20 


8 5% 35 


2 20 


S 17 35 


36 


8 56 5S 


2 


8 iS 19 


38 3^ 


g z 51 


I 30 


8 30 20 


32 31 


9 18 to 


End 


8 44 


34 10 


Pajfag 


e of the IhadQi 


s thro* ihefi 


>tf/j. 


h / ii 




^ 1 ti 


t a 


1 31 %s 


Heradides ; 


6 59 8 


32 27 


7 3** 10 


Plato 


7 4 50 


33 20 


8 49 10 


Hdicon 


8 ,6 10 


^^ » 


8 53 35 


Barpaius 


8 16 10 


37 25 


8 58 55 


Plato 


8 24 15 


34 40 



The magnitude of the eclipfe 
At Nuremberg At Paris 

3 digits, 42'. 3 digits, 40'. ^ 

Taking a mean between thefe obfervations, we 
fliall have for ths difference of the meridians be- 
tweeen Nuremberg and Paris 34' f, which is 
pretty nearly as I determined it in my tabks. 
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ABRIDGMENT 

OF THE 

Philosophical Discoveries and Ob- 
servations in the HisTORV of the 
Royal Academy of Sciences at 
Farts ^ for the year 17x3, 

I» Experiments mfea-^coal, 

Mjyejlandes being in England, made wkh 
, ihe fea-coal that is burned there, two ex- 
periments which he believes have efcaped the 
EngUfh, { 

Exp, r, Having beaten fome coal, he put 
ahour half an ounce of it into a glafs of water, 
which became quite black. He left the glafc ex- 
po led :o the air all night upon the window, it was 
in winter, and the next day he found that the 
water which was frozen, was of a reddifli colour. 
To give til IS colour to the water, the froft muft; 
have difengaged the ftilphurs of the coal, though 
this adlion does not feem very well to agree 
with it. 

Exp. 2. Some of the aflies of this coal infuled in 
brandy, and mixed with fteel filings, makes a 
black tin^ure, which clears as it heats. When 
it begins to boil, it takes a foftcr colour than the 
common iron- grey. M, Dejlandes dyed fome wool 
with this agreeable tin(5lure, and no artiit could 
imitate it. 
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II. Th hifiory of the carcajoUj an Ame- 
rican animal, 

M, Sarrq^n, the king's phyfician at Canada^ and 
a correfpondent of the academy, from whom we 
have fcen a very curious and exatft hiftory of the 
cajlor or beaver in the memoirs of 1704*, has 
alfo fent fuch anotlier of the carcajou, of which 
we here give an abridgment. 

The carcajou is a carnivorous animal, which 
inhabits the coldeft parts of Norih-Amsrica. It 
commonly weighs from 25 to 353b, I: is about 
2 feet from the end of the fnout to the tail which 
isabouc 8 inches long. Its head is very fhorr, 
and thick, in proportion to the reft of iis body, 
the eyes very fmall, the jaws very ftrong, and 
furnifhed with 32 iharp teeth ; notwiihftanding 
jc is fmal!, it is very ftrong and furious, 
arid tho* carnivorous, it is fo (low, and To heavy, 
chat it crawls upon the fnow rather than walks 
upon it. 

As it walks, it can catch no other animal than 
the beaver which is as flow as its fcJf, ar;d that 
muft be in fummer when the beaver is out of its 
cabbin. But in the winter ir can only break and 
deftroy the cabbin, and furprize the beaver^ 
which but very feklom fucceeds, becaufe the bea- 
ver has its fare retreat under, the ice. However, 
as the beaver, even in winter goes into the woods 
to feek for frefh provifions, which he likes bet- 
ter than ft.ile, the carcajou may attack him 
there. 

The chafe which is moft fuccefsful to him is 
that of t'ie elk, and Caribou^ or Canada ftag. 

i The elk chufes in winter a place where there grows 
a quantity of Anagyris fcctida, or (linking bean 
* Vol. II. pag. 181, of (his abridgtncnt. * 
L^ 
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^refoiJ, becaafe it feeds upon It, and when the 
ground is covered 5 or 6 feet with fnow. he 
makes roads in thefe places wImcIi he never quics, 
unlefs he is purfucd by the hunters. The canajou 
having obferved the elk*s road, cHnnbs up into a 
tree near which he muft pafs, and from thence 
leaps upon him, and cuts his throat in a moment. 
In vain does the elk lie upon the ground, or rub 
himfelf againft the trees, for nothing will make 
the carcajou let go his hold, and the hunters have 
fometimes found pieces of his fkin as large as one% 
hand, which have ftuck to the tree againft which 
the elk had nibbed himfelf. 

The caribou is a fort of ftag. It is very Jtghf, 
and runs upon the fnow almoft as faft as upon the 
ground, bccaufe his nails which are very broad, 
and fumiihed with rough hairs in their intervals, 
hinder him from finking, and fervehim inftcad ^ 
the raquitte ^ of the favages. When it inhabits 
the thick woods, it makes roads in winter like the 
elk, and is in the fame manner attacked there bf 
the carcajou. But when it is in open places, , 
where it has not need of making roads, and 
where it goes indifferently on all fides, the carta* 
jou which might wait too long without fucce/s, is 
not accuftomed to looie his time, and docs not 
chafe the caribou but in thick places i fo ingenious 
is his ardor for his prey. 

III. ^i ohfer-vailon on the areometer. 

As F. FcuiUee a minim, correfpondent of the 
academy, read to it the relation of a voyage 
tvhich he had juft made into Scuib^j^merlra, ai» 

•f A fort of broad iKoes tvhich the faiages wea.r to Isftf 
tbeir feet bom tiakkg uito the. {aow< 
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as he ipoke of the cybTerviiitions which he had 
nude with the areometer with the weight pf the 
iet-wafeer in different pkoes, it was obje^^ed to 
him, that in a warmer climate the glafs of the 
areometer muft dilke, aiid confequently occupies 
mpre ipace in the water that is weighed, and 
nriakes it appear lefs heavy than it realfy is. Bnc^ 
NLXaffki zh(\nred, that the water itfelf was a!fo 
more dilated by the heat, and aftualJy weighed 
lels. 
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ABRIDGMENT 

O F T H E 

Philosophical Memoirs of the Rottal 
Academy of Sciences at Paris, for 
theTear 17 13. 

I. Meteorological obfervafions made at the 
royal obferudiory^ by M, de la Hire*. 

THESE are the obfervations of the quan- 
tity of rain-water, and meUed-fnow» with 
the changes of the weather marked by the ther- 
mometer and barometer duriog al) the iaft year 
1712. All thefe obfervations have been made as 
in the preceding years, in the fame place, and 
with the fame inftrument. The height of water 
fallen in. 



Jan. 20 k July 36 

i?eb. 8 f i Aug. 6 

March 6 4 Sept. 39 

April 51 t Oct. 25 

May 12 ^ I Novetn. 16 ^ ' 

June 23 i Dec, 8 i i 

The fum of the height of water for the whole 
year, 254 lines ^, or 21 inches, 2 lines |, which 
is more than the mean years, which we have de- 
termined at 19 inches- 

My thermometer was at the loweft the Iaft 
day of the year, and marked 24 \ of its parrs 
pretty near the fame as the 8th of Jan. which 
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ihews, that the cold has not been great, for it 
often falls to 14, and in the mean Urate it is at 4?, 
as in the bottom of the caves of the obfervatory, 
where it always remains at the fame point. 

This thermometer was at the higheft at 64 
parts the i6th oi Auguji \ but as that was at fun- 
rifing, the time when I always make theft obfer- 
vations, and as in the grcateft heat of the day, 
which ts towards 2 in the ahernoon, it rofe above 
the ftate it was at in the morning 12 parts, ic 
muft be confidered as 76 for the greateft heat, 
and conftquently the difterence nnarked between 
the greateft cold, and the grcateft heat will be 
5a parfs, the half of which Is 26, which being 
added to 24, makes 50, which is not far from 
48 s by which we know, that the cold has been 
very near as much below the mean ftate, as the 
heat has been above it. 

^• My common barometer was at the higheft at 
'SSinchcSj 4 lines, f, the lOtho^ Feb. and about 
that time it was always Ytty high,. The heavens 
were then pretty ferene, and very little north 
winds ; and I obfervcd alfo, that whenever this 
barometer was higher than 28' inches, which hap- 
pened pretty often in the year, the wind was to- 
wardsthe north and ealt, and fometiraes with fogs* I 
have another barometer where the qaickfilver is 
always 3 lines higher than in that with which I 
commonly obferve. This common barometer 
was at the loweft once only, the 6[h of Nov. at 
26 inches, 10 lines, f, the Iky being ferene with 
a moderate eaft-wind j but the quick fdver pre- 
iently rofe again, and ihj wind turned toward the 
weft and fouth weft-, the difference between the 
greateft and leaft height of this barometer, was i 
inch, 6 lines, as ufual. 
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There was nothing remarkable in the winds ief 
this year*, but I obferved in general, that in this 
country, every time the weft and fouth-weft wind 
prevailed for tome time* the heat-ens were cloudy 
to ward the evening, and ac the beginning of the 
night i and that toward the morning riwasfc- 
rene. I think the reafbn of it is plaio enoi^ ; 
for in rhe afternoon, the fun falling alraoft perpen- 
dicularly upon the fcas, which 2jc to the weft of 
us, niifes a gre?tt many vapours from them, which 
are afte wards brought to us about the beginning 
of the night ; on the contrary, there arife hot few 
vapours from thefe feas in the night rime, and the 
wind continuing the fime, the fky muft be preay 
clear toward the morning. ' 

Rinmrks. 

It generally happens that thole which have been 
wounded in any part of the body feci pains chcre 
every time the weather is difpofed to change. I 
think it may be accounted for in this manner: 
the texture of rhe affefted part muft be very fine, 
infomuch that it cannot be touched without feelii^ 
of pain i and in the change of the weather, the 
air becoming either lighter or heavier, makes an 
extraordinary imprefTion upon thefe parts, either 
by comprrfling or extending them, as if they 
were touched by it, which may caufe the piio 
which is there felt. 

Of ihe dedinaiion of the nefdU. 

We found the declinaricn of the needle to be 
J I degrees, is minuies, Dec. ^o.This cbfervatkm 
was made with the needle of 8 inches long, whicH 
we commonly ufe, and in the feme place as in 
the preceding years, which is a thick pilJar pJaoed 
at the end of the terrals of the obfervatory coward 

die 
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the foiuh. The fide of the box of the carppafs is 
applied againft one of the faces of this pillar j and 
it has beeft for a lontj time coj. firmed, that this 
ig,cc was exadly turned toward the weft, by 
putting a thick rule againft it which bears two 
lights ac its extremitieSt ;o fte if the rays of the 
iun, which pais tl.rougl: rhefe figlus, agree 
with the true noon marked by the great pen- 
dulum clocks regulated by the fuD, which was 
found very juft j for this building had been 
placed with a great dea] of care and precaution, 
by the Jate M- Pk(ird. 

We observed alfo at the fame time^ the 
declination of the loadftone with another needle 
of only 4 inches long, and found it the lame 
with that of 8 inches. 



'IL RefteStiom onfome obfervathns ofthefiux 
and refiux of the fea^ made at the port &j 
Breft, m the year 17125 k\' M. Caffini*. 

Since the royal academy of fciences has under- 
taken to examine the phenomena of the flux atid 
reflux of the fea, we have received a great number 
of obfervations made in feveraJ parts a'l France^ 
which have ferved to find new rules, as well 
to eftablifh the time of the tides in each of thefe 
ports, as to determine their different heights : the 
greateft part of thefe obfervations feem to prove 
that there is a great relation between the mo- 
tions of the moon J and thofc of the tides^ fince 
not only the great and fmall rides follow pretty 
cxaflly the fevera! phafes of the moon, but even 
the diifcrent heights which are thtre obferved are 
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hi proportion to the fevsral diftances of the mooa 
'rom the earth. 

But as wc might fufpe^ that thefe various effe(5ts 
had been produced by fome unknown, caufcj which 
had concurred at the fame time with the n^otions 
of the moon by a fort of chance -, twas ncceffary to 
bealTuredofit by a greater number of obfervation?. 

Wc have had the opportunity of making them 
by a new journal of obfervations of the Bux 
and reflux of che Tea made at Brcjiy which begiat 
the ift 0^ February 1712* where the-fir ft ended, 
and has been continued to the i zth of July of the 
fame year. 

In this interval of time there have been fix new 
and five full moons, the tides of which have been 
obfervedj that which happened the carliefk was 
obfervedthe 6i\i of February at 3 9' in the morn- 
ing J and that whicfi happened the latelt was ob- 
served Jpril the 6th at 4 1 2" ^ PM. with an 
hour, and three minutes difference from one to 
the other. 

However if we fuppofe the mean time of the 
high tide at Brefi in the new and full moons to he 
3"^ 45'. the fame that was determined in the pre- 
ceding memoir, and make ufe of the com- 
mon equation of two minutes, for each hour, that 
the mean time of the high water it fafter or 
flower » with regard to that of the new or full 
moon, we Hiall find that the high tide ought to 
have happened February 6th, the day of the grcar- 
cft acceleration at 3' f { in the morning, wjthifi 
about I A minute of what wasobfervedi and that 
Jpril iht 6th, the day of the greateft retardation, 
the high tide oughttohave h.ippened at 4'' i5'with- 
in about 2 f minutes of what was obicrved. 

The other obfervations which are to the num- 
ber of i^, agree for the mofl: part to the Ciic*i- 

ktion 
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lation within a few m mutes, and the fartheft dif- 
tant are only 14 minutes from it, which is an ex- 
aiftnefs to which we could not hope to have arrived 
if we confider that ic is often difficult to beat 
fured within a quarter, or eveo almoft half an hour 
of the high-water. 

With regard to the time of low-water, obferved 
in the fame phafes of the moon, we find that ic 
agrees alfo pretty cxaftly to the calculation, with 
this difiference only^ that the fea takes up fomc 
minutes more in falling than in riling, as we have 
already obferved. This difference may rife at 
Brefi to about a quarter of an hour in the new and 
flail moons, and to half an hour in the quadratures; 
and this rule is* fo generally obfervcd, that of 
all the cbfervations that we have examined for a- 
bove the fpace of a year, there are only four or 
five which are not conformable to it. 

As to the timeof the high- water obferved in the 
quadratures, it is fubjeft to more irregularites than 
in the new and full moons. 

The high- water which happened the earlleft, 
was obferved the 29th of March ac 8^ 8' in the 
morning, and that which happened the lateft wag 
obferved the 28th of April at 10'' 11' at night, 
with a difference from one to the other of i"- 
3'. But thefe differences are partly correfted, hj 
fuppofing the mean time of the high water ac 
Breji in the quadratures at 8'' 57'* the fame that 
was determined in the preceding memoir, and 
making ufe of the common equation of 2 | mi- 
nutes for each hour, that the mean time of the 
high water is f after or flower with regard to the 
time of the quadratures. For we fhall ftnd that 
the high tide ought to have happened the 29th of 
March, the day of the grcareft .acceleration at S ' 
3 4' in the morning, within about 26 minutes of 

what 
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what was obferved 
the day of the greateft retardation, the high tide 
ought ro have happened at 9' 46' at night, within 
about 25 minutes of ihe obferraEion^ 

We have obferved in the preceding memoirs, 
that the retardation of the tides is greater toward 
the quadraturesj than toward the new and full 
moons. This is conformable to our obfervations, 
and feems furprifing when we confidcr, that in 
the new and tuli moons, the fea rifes fomecimes at 
Brejlt to the height of 2 1 feet, whereas in che qtia- 
dratures it fometimcs rifes only 4 or fiveicetj and 
feldom to 1 1 feet. 

However if we fuppofe that the motion of the 
tides h made by a fort of impulfe, as we have 
great reafon to imagine; we find that experience 
may agree with reafon ; for the preflltre of the air 
upon the fea, may be fiich as not onJy to make the 
fea rile to a greater degree of height in the new and 
full moons than in the quadratures, but alfo to make 
it arrive to this greater height with more velocity. 

With regard to the time of thi^ greateft tides in 
each lunation, we find that it happens the nrwft of- 
ten at Breji a day after the new or full moon, as 
the fmal left tides happen alfo a day after the qua- 
dratures. We have oblervcd at Dunkirk and H^crt 
de Gracsy that the great and fmall tides there, ge- 
neraJly happen two days after thefe phafes of the 
moon, fo that it feems that the preHTure which is 
made upon rhe fea in the new and full moons, and 
in the quadratures is communicated fooner at Bn^ 
than at Havnde Grace and Dunkirk^ which ap- 
pears conformable to reafon ; the weftern extre- 
mity of Bretagne^ where Brefi is fituated, being 
much more advanced toward the ocean where tk 
preflure is made, than the ports of Dftttkirk zrA 
Havre t which are both in the Engltjb channels 
2 We 
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We have remarked already that the various 
heights which wc obferve in the tides, follow 
pretty exactly the various distances of the mooa 
from the earth •, that when the moon at the time 
of new or full, is near its perigmm^ the tide is 

t greater than in the rmxifyzygia^ where it is near 
its /ipogeuniy this is confirmed by thefe laft obfet- 
vations; for the 4th of June 17x2, the day of the 
new moon, this planet was near its apogeum^ its 
•diftance from the earth being 1 064 parts^ the mean 
of which is 1000. Befides they obierved that day, 
which was the day of ihe greatefl tide* the height 
of the full fea to be 16 feet 2 inches, above a fixed 
point, which they had taken for the bound of the 
meafures» and that of low- water 2 feet o inches, 
which gives the quantity of the elevation of the 
tide 1 4 feet 2 inches. The 19th of ytftfetheday 
after the full moon^ this planet was near its psrt- 
gmnty its diftance from the earth being 93 5 parts, 
ihc mean of which is 1 000. They alfo obferved 
the 2 ift of Juney the day of the greateft: tide, the 
height of the full fca to be 18 feet 4 inches, above 
cheBxed poiotj and the height of the low-water 10 
inches below this point, which gives the eleva- 
tion of the tide 19 feet, 2 Inches, greater by 5 
feet, than in the preceding oblcrvation, when the 
moon was near its apogeum, 

Tlio* ali thefe obfervations agree in proving 
that the various diftanccs of the moon from the 
earth contribute very much to the various eleva- 
tions that are obferved in the tides j we do not 
H pretend that they are the fole caufe of a!l the va- 
■ nations that are there obferved 5 and it even ap- 
pears, that there ate other caufes which may 
concur in making the height of the tides increafc 
or diminifli. We do not here fpe:ik of thofe ac- 
cidental caufes, which it would be difRcuit to 

give 
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give rules ro •, as for exam ple» of the force and 
fituation of the winds, of the different dinedidn 
, of the fea-coaft, which not only may accelerate 
or rerard the time of the ndes, but may alfo 
caufe different elevations to it. But we only un- 
dertake to determine thofc which have fomc rcga- 
Jar period. 

Now in examining all the oblervations whirfi 
have been made from the 6th of Fsb, 1712, to 
the iiih of July of the fame year, we find that 
the higheft tide happened the 24th of March at 
night, and the 25th in the morning when the fca 
Tofe to the height of r9 feer, i inch. The low- 
water was obfcrved the 24th in the morning, i 
foot, 6 inches, btlow the fixed point, lb that the 
elevation of the iea was-, the 24th of March^ 20 
feet, 7 inches. The moon was then nearer its 
pengeum than its apogeum^ its diftance from the 
earth being 977 parts, the mean of which is 1000^ 
but we cannot attribute the whole of this eleva- 
tion of the tide to the proximity of the moon with 
j'egard to the earth, fince the height of the tide 
was obfervetl the 24th of March, greater by i 
foot, 5 Inches, than June 2 r, the time when tiie 
moon was much nc;ireft its perigeum-^ it appears 
therefore that there was in the month of Manht 
fomc other caufc which contributed to the eleva- 
tion of the tide \ and as this obiervation was made 
near the vernal equinoXj which happened the 
20th, at 11^ 19' PM. and thzto^Jtwezt, near 
the fummer folft ice which happened at ii" 17' in 
the morning : this has giv^en us room to conjeAunc 
that ail things being equal, the tides are greater in 
the equinoxes than in the fblftices. 

In the next new moon which happened 00 tiic 
6tb of /iprily the moon was nearer its apc^am 

than 
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ihftn tES ptHgtum \ its diftance from the earth 
bdiTg 10321 of which the mean is 1000 j and 
April the 7Eh in the morning, they obfcrved the 
full fea to be 1 8 feet, 2 inches s and that of the 
Jew-water to be 5 inches^ which gives the ckva- 
lion of the fea for that day 1 7 feet, 7 inches, 
fmaller by three feet than the 24th of March. 
And it ought to be lb for two reafons \ one of 
which is, that the moon was farther diftant frotn 
the earth the 7th of 4pril^ than the 24th qf 
Marckt and the other that it was farther diAant 
from the equinoftiaJ, 

are confirmed by thofe 
Brejl the preceding year. 
171 1, tlie diftance of the 
oioon from the earth being 96o» the elevation of 
the tide was obferved the ift of July to be iS 
feet, I inch* Jefs by 2 feet, i o inches, than the 
14th of ^^/. near the equinox, when it was ob- 
ierved to be 20 fe^u 1 1 inches^ the diftance of 
the moon from the earth being the 12 th of Sipi^, 
the day of the new raoon ^6g^ that is, very litdc 
di^erent from that of the 30th of June. 

It appears therefore by thefe obfcrvations, that 
the different heights that are obferved in the tides, 
depend upon two caufes, whereof the principal, 
which hitherto is moft confirmed by our obferva- 
tions, is the various diftance of th« moon from 
the earth i the fecond is its proximity or diftance 
from the equinodtial ; and that the combination 
of thefe two caufes produces the chl^ pkitmmexa 
which we obfervc m the height of the tides. 

It follows from hence, i ft, That when the new 
or full moon meets in its pengtum^ and at the 
lame time in the equinoxes, then the tide wh ch 
immediately follows, is the higheft that is poffible, 

2d. That when the new and full moon nfieec 
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in the equinoxes, towards the mean diftanccs, th^ 
be heigh c of the tides is greater than in the new 
or full moons, which happen coward the mean dit 
Cances, and near ihtt fdjtkes. 

3d. That when the new or full moon meets m 
Xi^apogeum^ and at the fame time in the Jsl^iees^ 
then the high-water is the Joweft that is poflihle. 
The two firft rules agree with that which wc have 
'hercabove marked^ and thi Jaft is confirmed by 
the obiervation of the 4th of June 1 7 1 2, for the 
moon being then near its spogeum^ and the fum- 
mcr fcljlke, the height of the full fea was obfer- 
ved to be 16 feet, 2 inches, and that of the low- 
water 2 feet, o inches, which gives the elevation 
of the tide 1 4 feet z inches, which is the kaft that 
has been obferved at the new and full moons in a- 
bove a year. The 5th oljuly following the fun 
was at equal dlftance from \\\t foljiicf^ but the dif- 
tance of the moon from the earth was io6i a lit- 
tle lefs than the 4th ofjune^ which ought to have 
caufed a greater elevation in the tide, as in efFc6t 
'was obfcrved. For the 5th oijuly in the morn- 
ing, the height of the full fea was obfcrved 16 
' feet 3 inches, and that of che low- water, i foot 8 
inches,which gives the elevation of the tide 1 4 fccc 
. 7 inches, greacer by 5 inches than the 4thof jiwf. 
As to the fmall tides which follow the quadra- 
tures, they obferve the fame that we have done in 
the preceding memoirs, that their various elevations 
• depend partly upon the various diftance of the 
moon from the earth. For example, the t4th of 
February 1712, the day of the firft quaner^ the 
moon being near its apegsum^ and irs d iftance from 
fhe earth 1062, the height of the full fea was ob- 
I ferved the 15th o{ February at nightj. 10 feet 9 
inches 6', and the height of the low- water 5 feet 
: 'i ix:,cbe^, lb that the elevation of the tide 
: Jt.^t^ that 
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that day was only 5 feet 7 inches 6'. The 
twenry-ninth of Fshruary foJ lowing, the day 
of the third quarter, the moon being near 
its perigeuffSy and its diftance from the ean.h 975* 
they obferved, the 2d of March'mthe morning, 
the height of the futl fcvi, 1 1 feet 9 inches, greater 
by XI inches 6 lines than the 15th oi February^ 

The 15th oi March, the day of the firft quarter, 
the moo;i beirtgnear its apegeumy 2i.v\,d its diftancfe 
from the earth 1063, the height of the fuU fea was 
obferved the i6i\\ of March in the morning to 
feet 10 inches, and the height of the low- water ^ 
feet 4 inches ; To that the elevation of the fea that 
day, was only 4. feet 6 inches, a licde lefs than the 
15th of February, which ought to happen, the 
moon being then a little nearer the earth, than in 
the preceding obfervation of the month. 
• In the quadratures which happened when the 
moon was al moft at equal diflance from the earth, 
they obferved almoft the fame height in the eleva- 
tion of the tides. For the lathof^Kftf, the day 
of the firft quarter, the diftance of the moon fram 
the earth being 1020, they obferved that 12 in, 
the morning, which was the day of the fmal left 
tide, the height of the full fea 12 feet 9 inches, 
and that of the low- water 3 feet 5 inches, Co that 
the elevation of the fea,wi<! that day 9 feet, 4 inches. 
. The 25th oi'June following, the day of the 
Jaft quarter, the moon's diftance from thfljcarth 
being 1028, they obfcrved the 28th in the morn* 
ing, the height of the full fci, 12 feet 5 inches 8', 
and that of the low- wjrer, 3 feet 1 1 inches 4' ; fo 
that the elevation of the fsz was that day 8 feet 6 
inches 4', a lictle lefs than that of the aSth nfjtme, 
as it ought to have been obferveti, rlir diftance of 
the moon from the eaich, being lefs the 13th of 
Jum, thaa the 2Sih, Thefe two obferv^uions 
M m £ havin:: 



268 TbeHiiTo^TandM^MiniLS^tbe 

h&vlng been made fiear the futntner fol^iCt, we 
have compared them, with thofci which were 
made near the equinoxes^ an<3 found that all tiiiogft 
being equal, the fmall tides which follow the qua^- 
dratureSt are greater near the foiftices^ than near 
the equinoxes \ for the height 6f the full f^, ^as 
obferved the iBxho^ Marcb^ the day of the Jfmal- 
left tide I o feet lo inches, the rtioon being fiter 
its apogeum^ and the 31ft of March^ i^ fcttz 
inches^ the moon being nearer ixs perigeum. Tak- 
ing a mean, we ftiall hatfe the middle height of 
the tides, in the equinoxes at Brefi^ 12 feet, 
final Icr by 7 or 8 inches, than the mean height 
drawn from the obfervations of the 15th and 2$th 
of JtfMiJjmadcin tht foljiices. 

Altho' this effcdt fccms contrary to what we 
oblerved in the new and full moons, tiic tides of 
which are greater towards the equinoxes than to- 
wards the folftices 5 we fee however that it may; 
depend upon the fame caulc *, for the moon being 
in one of its quarter at the time of the equinojc; 
runs over by its daily motion a parallel circle, » 
Jitdc diflant from the troptcks, and the preiTurs 
that it caufcs upon the fea, being made by a fmall 
circle, muft be lel!i felt. On the contrary the 
nioon being in one of its quarters at the time of the 
folftice, runs over by its daily motion, theequi^' 
noftial, or a parallel very littie diftant from it* 
And confequently, its prenhrc upon the waters of 
the fea, which is made according to a great cirdfe 
of the earth, muft be greater than when it run 
over one of the tropic ks. : 

It appears by this that the feveral heights whicfi 
are obferved in the tides of the equinostes and io^- 
ftices, muft not be regulated exadtly by the time 
of the equinoxes and folftices, but by the greater 
€ff Ids declination of the moon, witli regard to 
T9i»a«r . . the 
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the equinoQiai 1 for ciic fun being ia the Ternal 
equinox, and the moon in its lafl: qu after, rhat ct^ 
iiT the fouthCTn figTis, the height of the ride muft be 
much lefe, when the latitude of the moftii Is fouth- 
crn than when it is northern \ and for the fAme rea-i 
Jbn^ the fun being in tiie fummer folftlce at the 
time jof die new moon, tiie height of -the tide 
mull be rawcfa fmal^ler whcs* the latitade of the- 
moon is northern, than \phen it is fouthern. 

Frtwu thefe obfervations we may draw theftr 
two general rules. f 

lit. That al! thin^ t>eiiig equai, <he tidesougltt 
to be Icfs, when the moon, being in its ap&^eum 
and in its fouthern figns^ its latitude is at the (ami 
time fouthernj or elfe when the moon being in 
its apogsum, and in the northern figne, its kd- 
tude is alfo northern. 

2d, That on tine contrary, the tides ffluft be 
greater, when the moon being in its pengeum 
runs over the cquiaodial, witliout any dedi- 
cfltion. 

It is difficolc CO find obfervations that have been 
made exa<fHy, in thefe different circumftances ; k 
will be fufficient for us to obferve that the j6rti 
of June 171 f, the day of the new moon, the 
diftance of the moon from the earth being 1048^ 
that is the moon being near m^ofmm, wiih a 
fouthem declination oi 26° 3^', which is the great- 
eft that has been found in more than a year, the 
height of the full fea was obferved the 1 jrch, to 
be 16 feet 2 inches 6\ which is one of the fmalleft 
that has been obferved. The 4th of Jum, the 
year following, the day of the new moon, rhe drf- 
tance of the moon from the earth being 1064, and 
the northern declination of the moon 25** 10, the 
height of the greattft tide was obferved that day, 
16 fvnt 2 inches, which is the Icaft that we have 

found 
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found at BrtJ^i in the obfervations of the new and 
full moons. 

The fame effeft is obferved in the quadratures, 
for the 5th of Septemhr 1711, the da^ of the 
kft quarter, the moon's dlftance from the earth 
being 1061, and the northern declination of the 
moon 26" 31', which is one of the greatcft that 
has happened from the 2gd of June 171 !» to the 
1 uh of Jb^ 1712- The height of ihefmalleft tide 
was obferved the 6th of September^ 10 feet, 3 
inches, which is the 1 weft that has been obferved 
for above a year i the height of the ]ow-warer was 
obferved at night, to be 5 feet 1 1 inches, fo 
that the elevation of the fea that day was only 4 
feet 4 inches. 

. The 1 5th of March, the following year, 1 7 f J, 
the day of the lad quarter, the diftance of the moon 
from the earth being 1063, pretty near the faino. 
as ^he 5th oi Sepietnbery and the moon's northern 
-declination 25** 45^ a little lefs than in the obfer- 
vafion of the preceding year, the height of the 
fmalleft tide was obferved the i6th oi March ^ 10 
/eet 10 inches, a little greater than the 5th of Stp* 
timber 1711, but one of the lojveft that had been 
obferved, the elevation of the fe;; that day being 
only 4 feet 6 inches. 

As to the great tides which ought to happen 
when the moon is in iih perigeumy and runs over 
the equinoctial, we have no oblcrvations at Brtfi 
. that have been made in thefe circumftancts; it wiU 
be fufficierc to remark, that i he i2ih of Sipum- 
ber 17 It, thediftar.ce of the mcon from theearih 
being 9 69 J and its declination with regard 10 the 
equino£lial 2° 39', which is the fmalkil that hap- 
pened in the new and full moons, from the i6th 
of June 1 7 1 1 , to the 1 1 th of Jidy 1 7 1 2, the height 
of the lull fea was obfervtd the 14th ot Septem^ert 
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18 feet Ji inches, and that of low-water 2 feet 
below the fixed point, which gives the elevation 
of the cide for that day 20 feet 11 inches, which 
is one bf the greateft that happened at Breji^ in 
that intervai of time, 

Wc may here obfcrve that the difference be- 
tween the circles of declination from one degree to 
another, con t in u ally in cr cafes by receding from 
the equator, and approaching to the ]x>ie ; and 
■that confcquently the variation of the dcclinarion 
of the moon, muit produce a ]efs fenfible effect 
upon the tides near ihc cquinoifliai than towards 
the cropicks. 

The obfervattons here above related, fecm fuf- 
ficiently to prove that the different dechnations of 
the moon, with regard to the equinoctial, contri- 
bute to incrcafc or diminirti the heights of the 
tides, as well as the various diftanccs of the moon 
from the earth., Thefe two caufes being ge- 
nerally complicated, it is neceirtry in order to dif- 
tingailh them, to have a greater number of obfer- 
vations, made in different fituations of the moon, 
as well with regard to the earth* as with regard ^o 
,thc cquinodtal ; for this reafon we have thought 
it necclTary to examine Ibme which were made 
at Bre(i\n 1692. 

The journal of thefe obfervations beginsjw**^ 6, 
. 1692, and ends the laft oiOtlober of the fameyear. 
They have there marked every day the height of 
the full fea, with regard to a rock cajled the Rafe^ 
which is at the entrance and within the port, and 
have alfo added the temperature of the air, and 
, the fuuation and force of the wind. 

By the examination that we have made of all 

ihcfe obfervations, we have found, that in this 

• ; -interval of time the greateft tide happened the 

J 2th 



r«*^ 
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latfi ofSepiemier 1692, two days after the new 
moon, che fca being that day riien to the height of 
aS feet y inches. Having calculated the RtMition 
of the moon for the lime of the preceding new 
moon, which happened the loth of September ^ ac 
612' PM. we found that this planet was very near 
its perigetm^ its distance from the earth being ^^S 
parts, the mean of which is 1000 ; the moon was 
alfo very near the eqmn<a6tial, its fouthern dccli- 
rarion being only ^^ 1 1', which could cauie very 
JictJe variation in the height of the fea. 

In the other obfervations of the tides, made at 
the new or fuJl moons j this planet was not only 
feriher diftant from, the earth, than on the lOth of 
September, but even its declination, with regard 
totheequino6tial, was greater ; thus all the tides 
ought [O be fmalkr than the i2th of Sepitmheft 
which is conformable to the obfervations. 

In the fuli moon following, which happened 
the 25th uf Sepie7»2>er,ixt lo'' 54' in the morning, 
the moon was tn its apogmm^ its diftancefrom the 
earth was 1065, and irs northern declination 4" 

•59'. The 25th they alfo obferved the height of 
the fea, to be 25 feet 5 inches, 3 ittt 2 inches 
lower than the isth of the fame month. 

The i4of 7f^?if the tame year, the day of the 
new moon, the diftanceof the moon from the earth 
being 993, the mean of vvhich is 1000, and 
its northern declination being 27* lo', which is 
the higheft that happened, they obfcrved the i6th 
the height of the fea, 25 feet 7 inches, lower 

■ by I foot 5 inches, than the mean height of the 
tides^ drawn from obfervations made in the month 
of Septtmher^ when the moon was near the equa- 
tor. 

As to the fmall tides obfervcd at Br^^ 10 

• the (quadratures, we End ihac the greateft hap- 
3 pencd 



I 
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pened the 23d of Jme^ two days after the firfb 
quarter; the I'ea being rifen chat day ro the heighc 
of 21 feet 4 inches. The moon was then near 'n% 
perigeum^ its diftance from the earth being 977, it 
was alfo very near the equinoftiali its northern de- 
clination being only g*' 42'. 

The 8th of the preceding June, the height of 
the fea was obferved 19 feet i inch, Icfs by 2 feet 
3 inches than the 2 3d oi'June, as they ought to have 
obferved, the moon being the 6th of June, the 
day of the laft quarter, in its spogeum^ and its dil- 
tancefronfi the earth 1064. 

We fee therefore by thefe obfervattons made at 
Br^Ji in 1652, as well as by thole that have been 
m^e the laft years in the fame port, that the dlf- 
tance of the moon from the earth, and its de- 
cltnacion, with regard to the equator, contribute 
very much to the increafe and diminution that are 
obferved in the heights of the tides. 

Upon thefe principles we have prepared ta- 
bles, to find ac Brejl, the height of the tides, 
as well in the new and foil moons, as in the 
quadratures. 

For this, we fappofe that at Brefl^ in the great 
tides which follow the new or fuU moons » when 
the planet is in its perigeum^ and at the fame time 
runs over the equinoctial, the height of the full fea 
is 20 feeCi and that when the moon is in \zsapO' 
^eumy and upon the equinoftia!, the heighc of the 
full fea is i 7 tect o inches j and that when it is in its 
ap&geum^ and its declination with regard to the e-- 
quinodttal is 28^ 50', whicl» is the greateft that 
it can have, the height of the fuil fea is 1 5 feet, 
6 inches. We alfo fuppofe that in the fmall tides 
which follow the quadratures, when the moon is 

Voi-.IV. N*'4i. Nn in 
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in itspsrigeutft^ and runs over the equinodial, the 
height of the full fea is 14'' q'j that when 
this planet is in its apsgeum, and upon the 
equinoctial, the height of the foJ! fi;^ is i2 
feet; and that when it is in Its apogtum-, and 
its declination is 28*^ 50', the height of the 
full fea is 10° 6'. 

According to thefe rules, the difference pf 
the height of the full fea caufed by various 
diftanccs of the moon from the earth in the 
new and full moons, is three feet, twice as 
great as that which is produced by the dcplina- 
tion of the moon with regard to the equi- 
noflial. 

But as the difference between the diftance of 
the moon from the earth in its apogeum, and in its 
perigeum^ is fmaller hy 7 in the quadratures than 
in the new and full moons, they have fuppofed 
that the difference of the height of the i'ull fea 
caufed by yarious diftances of the moon from the 
earth in the quadratures, is only two feet, conform- 
able to the obfervations. 

In the other fituations of the moon with regard 
to the eanh i the height of the full fea is propor- 
tionable 10 the various diftances of the moon from 
the earth. To find the variations caufed by the 
declination of the moon wiih regard to the equi- 
no£lial, we have taken declinations of which the 
fines of the complements are in arithmetical pro* 
portion, that we may be able to diilribute equally 
the height of the tides. 

We fhall find by the means of thefe tables, and 
of the following rules, the height of the great and 
fmalj tides at Brefi^ as well in the new and full 
moons as in the quadratures. 

Rule 
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Rule I 

To fin3 aE Bre^ the height of the greatcft tide, 
wliich ought to happen in a given new or full 
moon. 

Seek by the aftrorromical tables the diftance* of 
the mipon from tfie earth, and its declination with 
regrird to the equinodia' ; take at the top of the 
firft tabic; the ^diftance of the moon from the earth, 
and at the. (Tde its declination, and you will jQnd 
over-agarntt it the height of the greattft tide. 



Ruk II. 
If 

IJ To 6hd at Sre/i the height of the ftrtalfcfl? 

tide, which ought to follow one of the quadra*- 
tufes. , 

. St-ek by the aftronomiCal tables, the diflrance of 
the moon from the earth, and its declinatiort ; 
mite at the top of the fccond table the diflarice of 
iftc trtbon frorrt the earth, and at its fide its' 
declination, the height of the tide which an- 
fwers to thefe two figures, will be the hdght 
of the fmalleft tide whith follows the quadrature 
given. 

Examp. I . We feek the height of thb gfea'teft 
tide \Vhich happened in tHe new iiioon OBo- 
/-fr 1 7 1 r. 

We fhall. find, that the i2di of O^oher zi 
6^ o' in the morning, the time of the new 
riioon, the diftance of this planet from the ear:h 
wiis 947i and its fouthern declination 12" 13', 
Take in the firft tabic over-againft 95, and 
liP o', the height of the grcateft tide which 
N n 2 we 




276 The History and Memo ii$6f we 

we Ihail find to be 19** 6' exaflly the fame a 

was obfervcd. 

Examp, 2. We feek the height of the greateft 
tide which happened in the new moon of 
June 1712. 

We find, that the 4th of June at 7^ 25 an the 
morning, the time of the new moon, the norths 
em declination of that planet was 25^ 10', and 
iis diftance from the earth 1064. Take in the 
firft table over-againft 106, and 25** 33', die 
height of the greateft tide that we ihall find j^ 
feet, 10 inches, only 4 inches lefs than what was 
obferved. 

Examp, 3. We feek the height of the fmallcft 
tide which follows the firft quarter of the moon 
the 1 3d of Juney 1712. 

We find, that the 25th of June at 8^ 18' P. M. 
the northern declination of the moon was 6*' 30', 
and its diftance from the earth 987, Take in the 
fccond table over-againft 99, and 6° ^S^ the 
height of the fmaJleft tide which we ihall find to 
be 13 feet, 8 inches^ within about 4 lines of what 
was obferved. 

Examp, 4. We feek the height of the fmalleft 
tide which followed the firft quarter of the moon, 
Sept. 5, 1712, 

We Iball find at that time the moon's diftanc* 
from the earth was 1061, and Ik northern decli- 
nation zS^ 28'. Take in the fecond table over- 
againft 106, and 26<* 22', the height of the 
fmalleft tide which we (hall find lo® 9'©", only 
6 inches greater than what they obferved. 



We 



i 
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Wc might draw up like rules to find the height 
of the tides in the other ports of the ocean, pro- 
vided we had feveral obfervations of the ftiU fea 
made in different fituations of the moon, and 
principally when it is near its apogeum and its/^ 
rigeumt when it runs over the equinoctial \ or 
when it is towards iu greateft declination. 
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IIL On the height of the atmofphere, ir/ M, 
de la Hire*. 

LettheprdeTNIf, be one of the great cir- 
cles of the earth, of which the centre is C, and let 
the meeting of the plane of this circle, with the 
furface of the atmofphere, which I fuppofe fphe- 
rical, be the circle ZPA, of which the centre is 
alfo in C ; let the fenfible horizon of a point T, of 
the furface of the earth be TL, which fliall be per- 
pendicular to the vertical line ZTC of the fame 
point T. 

We know by the obfervations that a ray of 
light which comes from a ftar, and nialtes with 
the horizon TLj an angle of 32', underneath, as 
PM, after having traverfed the atmofphere, comes 
to the eye at T, where it appears in the horizon 
TLj and this ray muft defcribe in the atmofphere 
a curve, which fhall be touched at the point T, by 
the horizon LT ; for the ray MP, meeting the 
furface of the atmofphere obliquely in P^ draws 
nearer the perpendicular CP, by advancing toward 
T, and turning its concavity toward the earth, be- 
caufethe atmofphere is a body which continually 
increafes in denfity as it approaches the earth. This 
angle of 32' is what we call the horizontal rc- 
fradion. 

Ic follows from hence, that all the luminous 
points which fhould be upon the curve PT, with- 
in the atmofphere would appear in the horizon 
TL, and thofe which fliould be underneath would 
not appear from the point T, and if we would 
confider the atmofphere, as a matter quite homo- 

• Feb. 25, 1711. f Plate VI. Fig. I. Pag* 

I geneous 
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geueous like water, and as many aftrononiiers' 
have done, it is evident the fame thing would al- 
ways follow; for then a ray mp which fliould 
make with TL an angle mplu of 32' by meeting 
the atmofphere in p- would turn afide by the 
right horizontal line p T ; but this fuppofitioit 
not being natural, wc fiiall here make ule of the 
curve PT. 

If thro* the point P We therefore bring the ray 
of the earth CNPK which meets its furfac;^ in N, 
and the horizon TL in K, and t^ke an arch NI 
equal to the arch NT, it is evident that IK would 
be perpendicular to the femi- diameter of the 
earth CJ ; and that the eye teing placed at I 
would fee all the luminous points v/hich fhould be 
within the atmofphere, and in a curve IP like 
TP, in the line IK which would be horizontal 

- from the point I, as TK is from the point T. 

I But moreover if we alfo imagine beyond I an- 
other curve lA within the atmofphere, and which 
is equal and fimihr to IP or TP, it follows that 
a ray of light as DA, which fliould meet the at- 
mofphere in A, and make with KI prolonged an 
angle of 32', would rraverfe the armolphere by 
the curve AI in touching the circumference of the 
circle of the earth TNI in I, and would purfue its 
way by the other curve IP, and would go out of 
the atmofphere at P, making with IK an angld 
of 3 2'. 

Now let us fee the elFtfl: of the rays of the fun 
in the atmofphere. 

AJlaftronomtrs agree that when the centre of 
the fun is 18 degrees below the horizon, we fee 
the beginning or the end of the twilight \ and 
thofe who have obfervcd the twilight in ferene 
cold weather, take notice that 
enough toward the horizon to 
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becaufe thiscurvity muft have its concavity turned 
toward die earth, and this refrafted ray q T be- 
ing bent, would divaricate from the diredl ray f^ 
by receding from the perpendicular Cq drawn to 
the fyrface of the atmorphere, whereas it ought 
to approach it i it will pafa therefore above q to- 
ward K. 

Let us now fee by the means of the given an- 
gles, and by the magnitude of the radius or lemi- 
diameter of the earth, which is known^ what arc 
the magnitudes of the lines NK and No. 

We have in the triangle CTK reftangqbr in T, 
the angle TCK of 8° 36', therefore its comple- 
ment CKT will be 81" 24'i and we know the 
femi-diameter of the earth CT 3,269,297 loifes, 
we Ihall find therefore CK of 3,306,520 toifes, 
from which taking away CN or CT, there will 
remain NK of 37,223 toifcs. 

Again, in the triangle CT^ we have the ajigle 
TCy known as above to have S '^ 3 6' ; but the 
angle CqT is left than a right one by g6'^ fjncc 
KTj is fuppofed to be 36', therefore CTq will 
be 89'' 24' J and laftly, the angle CTy will be 
82^ o'i and CT is the fame as in the other; we 
(hal! find therefore Cq 3,301,244 toifes, from 
which taking away the value of CN, there will 
remain for Nj 31,947 toifes. 

It therefore follows from hence, that the height 
of the atmofphere is lefs than 37,223 toiies, ani 
greater than N? which is 31,947 toifes j and if 
we take the mean which cannot he far from the 
truth, we fhall hive the height of the atmofphcre 
NP, 34,585 toifes. 

M. Mariotte in his eOay on the nature of the 
air, concluvies the height of the at mofpherc a little 
Itfs than this by his principle of the condenfatlon 
of the air in lea different heights, and upon expe- 
riments: 
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riments : but thefe forts of calculations can nearer 
be very juft, becaufe they are deduced from fome 
gravity of the air near the earth; and befides we 
cannot know by our experiments exa^ly to what 
height the elaftic particles of the air can dilate 
themfelves in the aihiv^ nor the progreflion of 
their dilatation \ and ic is a good deal to have 
come fo near as he has done. 

Kepler in his Epitomy of Ajlronomy determines 
the height of the atmofpherc by the crepufcula ac- 
cording to the idea of the ancients, whoconfidered 
only direcl rays which met the atmofphere, after 
having touched the earth, without having regard 
to the refraction j and he finds it by a calculation 
which he makes of 10 German miles, each of 
which is equal to about 33800 of our toifes i and 
the height of the atmofphere would therefore be 
38,000 toifes, which is more than we have found 
it, and much more than he believed it \ for he 
reckoned its true height only at a little more than 
half a German mile, which would beaJmoft 2,000 
toifes. There is a great probability that fo con- 
fiderable a difference made him feek the means of 
explaining the twilight, by employing thereupon 
fome reflexions within the atmofphere which he 
adds to the refra£lion •, and hy a matter which he 
imagines to be about the fun, and to be illumi- 
nated by it i and he infifts ftrongly upon this 
thought, for he relates many reafons tofupport it, 
one of the principal of which is, the curved figure 
of the twilight which is obferved in the cold and 
fercne nights-, he alfo adds, that this apparent fi- 
gure is a fcgmcnt of a circle which terminates at 
the horizon j but I am going to demonftrate that 
it is not a portion of a circle, but an hyperbola 
which is a little altered bjr the refraftion, and that 
it is not ncceffary for the explaining this curved 

figure 
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figure of tji£ trepufcuhm^ to have recourfe to % 
matttfr which encompafles the ilinj and that \t i$ 
pn)y the acmofphcre which muft produce ir, /or 
iiicli a matter would very much icccfrupt tjje ce- 

f Let thtre be as before, the vertical line CT, 
vfaich paffing thfo' a point T of the furface of 
the earth, meets the furf.ice of the atmofpher^ 
ZX at the point Z, and let TL be the horizon 
of the point T, which is perpendicular to the 
vertical CT j and let the furf-ice of tht attno- 
fphere ZX be illuminated in P i,y the rays of chc 
iifnb«f the i\]n wiiich is yet uiidcr the horizon j 
find AS we lupppfc this point P r;a!led ahavc t^ 
fcorizoxi TL, there will appear a part pf the arch 
©f the jtiwiligbt above the iioiizon. If we draw 
4iierc£bre iche radius of the earth CP which meets 
its furface at N, and take the arch NI of 8** 36', 
■Wie &allhave the point I, upon tlie circumference 
(e»f the carib, wfctere the rays of the .upper Jitub of 
the fun, after being refradted in .the atmofphere 
by entering into it, and in thtir way, .will touch 
ihls .cirCLin^erencc, and from thence turn them- 
iclves toward P, where ihcy will meet the . eX- 
iremity of the atmofphere, as has been feen ia 
ihe beginning of this niemoir. 

•But as the fame thing happens all about the 
earthj as-to the ray IP in the atmofphere th.u fur- 
rounds it, if we draw she radius of the earth CI, 
and thro* the point P the line PV patallel to Clj 
this line PV will rcprefent the circk; of the fur- 
face of the atmofphere wliich is illuminated by 
ihe rays of the edge of the fun i it will therefore 
he this circle PV,svhich muft reprclent the arch of 
thcextremity of t He twilight feen above, the hofi- 
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zoii from the point T, of which the point P wili 
be the moll devated parr. 

Let us now confider the circle PV for the bafc 
of a cone which has its verient at T, where the 
eye is pkcedt the triangle TPV will be the tri- 
angle through ihe axis of this cone, which is per- 
pendicular to its bafe, and its furface determines 
the extremity of the twilight with relation to the 
fummit T \ we need therefore only confider the 
figure of the feftion of this conic furface upon a 
plane. 

When one is pretty far diftanc from a plane 
upon which there is a figure drawn, an<1 cannot 
know the diftance of the eye from the extremities 
of the figure, we always imagine that this figure 
is in a plane perpendicular to the principal ray 
which goes out of the eye to the figure, as if it had 
a circle drawn upon a plane, and this plane was 
very much inclined to the eye which ihould look 
upon the circle \ and befides the plane not being 
vtfible, and this circle being very diftant from 
the eye, we fhall always judge that the figure is 
elliptic, for we conceive it in a plane perpendicu- 
Jar to the rays drawn from the eye to the figure. 

It is the lame here with die fcftion of the cone 
TPV, of which there can only be a fma!I part 
above the horizon TL 5 and as we fuppofe that 
the twilight is in a vertical plane perpendicular to 
the horizontal line TL, and to the triangle thro* 
the axis of the cone^ we muft imagine that its fi- 
gure is upon this plane, and is an hyperbola; fince 
the plane parallel to the plane where the feftlon 
is, and which pafles thro' the vertex T of the 
cone is witliin. The eye being placetl at T, muft 
thercforfe judge th^t the figure of the arch of tl\c 
twihghi is hyperbolical. But alfo the curvicy of 
an hyperbolical arch being flatter on both ildtrs its 
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vertex than the curve of an arch of a circle, will 
appear alfo more flatted toward the horizon, where 
the refradion will raifc this arch much more than 
towards its vertex^ which makes the difference ftill 
greater between the curvity of the twilight, and 
an arch of a circle. 

It is feen by this explication, that in proportion 
as the upper part of the arch of the twilight rifes 
toward the zenith Z, which is done in a very 
little time, fince it muft run over a quadrant of a 
circle whilft the fun rifes only S** 36' toward the 
horizon, as from the point I toward N in^, i. 
that is from the beginning of the appearance of the 
twilight, and then the part of the horizon occu- 
pied by the twiltght^ is greater than a femi-circle, 
fince it muft be determined by the little circle Zy 
which will make with CZ an angle equal to CPV, 
which cuts the horizon in t beyond T, where its 
light hinders the eye at this point T from difcern- 
ing the term of the arch of the twilight, which 
very readily difappears from the eye by the rays 
which come to it from the whole body of the 
fun. 

It ftill remains for me to explain how Kepler 
has found the height of the atmofphere by the 
twilights to be 10 German miles according to the 
ancients, without having regard to the refrac- 
tion. 

f Let there be the furflice of the earth IT, its 
centre C, and the horizon TK, from the point 
of its furface T, if we take the arch TI of its cir- 
cumference of 1 8 degrees, and draw the tangent 
DI to the horizon TK at K, we fhall have the 
point K where we ought to begin to fee the twi- 
light from the point T, for the point K muft be 
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that where the rays of the fun meet the atmo^ 
fphcre. It follows therefore, that if we draw 
CK, which muft cut in two equal parts in N the 
arch TI, the angle TCI, or ICK will be 9 de- 
grees, and the triangle ICK will be redanguht 
in I, and fuppofing the radius of the earth CI to 
be 904 German miles, he finds CK to be 914 
miles, from which taking away CN of 904, there 
retnalns NK of 10 miles for the height of the at- 
mofphere. 

He adds, that this demonft ration neglefts all 
the caufts except the fun, as the refraftion, the re- 
flection of the rays within the atmofphere, and 
the ctherial matter which he imagines about the 
fun : thus he reafons from thefe caufes without ap- 
plying any calculation to them, to draw from 
them the height of the atmofphere of a little above 
half a mile, which he reckons to be its true va- 
lue- 
He fays, that the matter of the atmofphere is 
homogeneous, and that Jis furface is as well ter- 
minated as that of the ocean, h is certain, that 
the refraftion of the rays of the fun in entering 
into the atmofphere, muft be confidered as I have 
done i but he adds that thofe rays which do not 
meet the earth, and which in purfuing their way 
within the atmofphere, meet its furface in going 
out as if they had entered it, except fome which 
arc reflefted within toward the earth, and which 

»only produce a very faint light, and thefe laft 
which are reflected by meeting again the furface 
of the atmofphere, go out of it alfo ^ except fome 
which rcfledling themfclves again within the atmo- 
fphere, go to meet its furface in a place which 
may be fcen from the earth, which produces in 
that place the appearance of the cwilisht. It is 
cafy to judge that thefe 
fc Vol, IV. N^ 42. 
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touch the atmofphere after feveral re fled ions, and 
ihoMld be almoft all gone our of the atmofphere, 
as he himfelf faid, could not make imprefllon up- 
on the fight, and chiefly meeting only the furface 
of the air, which is a very rare body, akho' he 
fuppofes it homogeneous like water. 

He afterwards runs out into a great length to 
prove by fome calculation which he makes, the 
neceffity of the matter which he has imagined 
about the fun» which muft produce the curvity of 
the twilight ; but all this is of no fervice, and is 
intire]y ufelefs for this phaenomcnor, as I have 
before demonftrated. 

I have already explained why we cannot di- 
ftinguifli exa6lJy the bounds of the twilight, when 
it is pretty much elevated above the horizon ; 
and even when it is yet toward the horizon, it 
very often happens aJfo that we cannot fee it well 
terminated; for if the firft rays of the fun which 
lorm if, as dl in the firft figure, pafs through 
thick clouds, or vapours, which are upon the iur- 
face of the earth toward 1, they will be turned 
from one fide to the other, and do not make in 
P a light ftrong enough to fee there diftindliy the 
term of the crepufiulum^ and thti commonly hap- 
pens. For towards the morning, where the fun 
beginning to in lighten fucctliivcJy the furface of 
tlie sarth, a great many vapours arife j and to- 
wards evening, thofe which had rifen in the day 
time, fall upon it again by the abfence of the fun 
which forf.tkes them ; it will not be the fame thing 
if the air is very cold, and without clouds, it is 
alfo chat time alone when the twilight is well ter* 
minated in its beginning, or in its end. We muft 
a!fo add to this, that toward the beginning of 
twilight, the trye which is at T, fees the particles 
of MYy which are enlightened very near one an- 
other 
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other, which caufes a much livelier appearnnce of 
Jighr, than when it is raifed above the horizon, 
where we only fee thefe enlightened particles very 
much feparated, which cannot ftrike the eyeftrong 
enough to diftinguifh' the term of the crepufculum^ 
and much lefs when the enlightened particles are 
toward the zenith Z. 

-"{♦In fine, if ii is not granted that the beginning 
or end of the twilight appears when the fun is 
yet iS" below the horizon^ and that it was at 
17'^ or J 9^, we muft only increafc or diminilli 
the height of the atmofphere, as I have juft found 
it about 2000 toifes tor each degree. 

Nor do 1 pretend that the height of the atmo- 
fphere which I have fuppofed, muft be the fame 
over all the earth as toward the equator, or to- 
wards the poles j but that depends upon obferva- 
lions which might be made in thofe countries ; and 
I am even perfuaded that in the countries towards 
the poles, the height of the atmofphere is much 
greater than in ihefc, or I believe greater than to- 
ward the equator ; but towards the poles the ob- 
fervations of it may be very well determined, be- 
caufe of the great cold and clearnefs of the air, 
which reigns there in winter. 

Here is an obfervation which will ferve to cor- 
firm the height of the atmofphere as I have juft 
determined it. In 1676 there appeared in fome 
parts of It(iiy\ a meteor, which was as bright as 
the full moon. M, Montanari^ profeiTor at Bo- 
Imia, made fome obfcrvations on it, and having 
compared them with thofe which had been made 
in other places, he determined the height of this 
meteor to be 15 mean iengiKS of France^ which 
he printed in a fmall work, in tit led Fmnma vo- 
iante. 
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We cannot doubt but chat all there 6res or me- 
teors are formed by fulphureous exhalatiooe wiiich 
come'cutof the earth.and becoming inflamed, weigh 
much lefs than the particles of air of whidi they 
occupy the place j but let them be ever fo light, 
they are nevcrthelefs heavier than the other which 
we confider as without any weight. For this rea- 
fon rhey muft raife Ehemfelves juft upoa the fur- 
face of rhe atmofphere, where they float as long 
as they laft \ thus the height of thefc fires muft be 
the fame with that of the atmofphere^ and confer 
quendy the 1 5 leagues of height obferved of thit, 
which comes to 35,000 toifes, conBrms what I 
have found for the height of the atmofphere. 

IV. Ofthejigure of the mrtb^ by M. Caflfmi. 

Wc fhal! not here undertake to relate the various 
opinioos which have divided philofophers con- 
cerning the figure of rhe earth. 

We cannot imagine any figure which diey have 
not attributed to it i for not to mention thofe who 
believed ic to be like a column, a drum, a cone, 
or a tree, the root of which was infinitely extend- 
ed; fome have judged it to be fiat without ad- 
■mitcing any other inequality in it, than what is 
caufed by the mountains. 

Orhers being afraid leifl: the waters of the fea 
ihould run out if they were not reftrained by fome 
bounds, gave it (he figure ot a concave hemi- 
fphere. 

Laftly, others confidering that the tops of the 
towers, and- high mountains were perceived at a 
difliance, while their bafcs were concealed brlow 
the horizon j that thofe who were in the moll ele- 
vated piaces faw (he fun rifeearher, and let ktet, 
than thofe who were in the loweft places j that the 

Ihadow 
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{haydow of the earth appeared in the edipfes of 
the mooa to have a circular figure ', and that thole 
who travelled from north to fouth, faw the fouth- 
crn ftars rife above the horizon, whilft the north- 
ern ftais were deprelTedjjudged it to be fphericah 

This opinion which was founded upon folid 
reafons, was almoft generally received by thofc 
who undertook before us to determine the mag- 
nitude of the e^irth by geometrical operations. 
They made ufe of the meafure of a fmail por-* 
tion of its circumference, to conclude by thac its 
whole extent, by fuppofing that all the degrees 
of the meridians of the earth were equal among 
themfelves j and that the lines perpendicular to 
the horizon, which pafs through the zenith, and 
meafure the degrees in the heavens, were direi5ted 
towards the fame point, which they judged to be 
the centre of the earth. 

Several great geometricians of our time have 
abandoned this hypothcfis of the fphericalnefs of 
the earth. Sir Ifaac Ne-wton in his PbikfophiM 
Naiuraiis prindpia MaihemAticay having confL- 
dered that the force which he calls centrifugal, and 
which refults from the daily motion of the earth, 
muft raife at the equator thole parts which endea- 
vour to recede from the axis of the earth \ judged 
that it muft be depreflcd toward the poles, and he 
found according to his principles, mat fuppofiog 
the earth to be of an uniform matter, as denfe a,t 
its circumference as towards its centre, the diame- 
ter of the equator; muft be to the diameter which 
palTes through the poles as 692 to 689, 

M, Huygens^ in hisdifcourfeof the caufe of gra- 
vity, having confidered that at Cayenne^ which is 
oniy 4 or 5 degrees diftant from the equator, a 
pendulum which fwings feconds is (horter there 
than at Paris by a line and 4:, from whence it 

fol- 
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follows, that if we take pendulums of equal length, 
that of Cayenne makes the vibrations a Jittle flow- 
er than thatof i'lsm: judged that the cauftof this 
phoenomenon could be retcrred only to the daily 
morion of rhe earth, which being greater in each 
councry, according as it approaches nearer the e- 
quincK^ial linCj muft produce a proportionable 
effort to rejeifl the bodies from the centre, and con- 
fcquently take from them a certain part of their 
gravitf . He adds, that this effort which refuUs 
from the circular motion of the earth, muft make 
a plummet, fufpended to a cord, vary from the 
perpendicularity-, and as the furface of alJ liquids 
is fo difpofcd, that the Jirit; of fulpenfion is per- 
pendicular to if, becaufe otherwife it might de- 
tcend more, it follows, that the fea h^s the figure 
of a fpheroid, and that the earth muft have con- 
formed itfelf to it, when it was collcfted by the 
'cffe6l of gravity. Upon thefe principles he ad- 
vances as a paradox, that the earth is not perfectly 
fpherical, but of the figure of a fphcre flatted to^ 
wards the poles, nearly fuch as an ellipfis would 
make by turning about its JefTcr axis ; and he 
conchides, that the diameter of the equator ex- 
ceeds the axis of the earth by j^, whereas accord- 
ing to Sir Ifaac Newton^ this excefs is but r4^ of 
the diameter of the equator. 

But M. Einfetiftbmid, a celebrated mathemati- 
cian of S^rasburg, having examined the magni- 
tude of the degree, which rcfulted from feveral 
dimenfions, made under diBerent parallels by va- 
rious mathematicians, found that the magnitude 
of the degree of the earth, drawn from the mea- 
fures of SnelUus made in Hclhnd^ was fmaildr 
than that which M. Picard had determined by his 
obfervations made in France^ which is more fouth- 
ward; that the iii:ignitude of the degree, which 

rtfuks 
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refults from the meafures of M. Picard^ made m 
the neighbourhood of Paris, was fmallcr than tliat 
which F. Riccioli found at Bohniay which is more 
fowhern than Paris j and that this was yet fmaller 
than the magnitude of the degree, which had 
been formerly determined by Eraioftenes^ between 
ilie city of Alexandria and that of Syene^ which 
was under the tropic of Cancer \ this in quality 
of degrees, which increafed in magnitude, as they 
approached the cquinoftial line, m-ide him judge 
that the earth was not fpherical, but had the figure 
of a fpheroid prolonged toward the poks, the me- 
ridians of which are reprefented by cliipfes, and 
the equator and parallels by circles. \ 

He determines upon this foundation the ine- 
quality of the degrees of the meridian of the cir- 
cumference of the earth 5 but he owns that it 
were to be wiihed, that fome of thcfe obfervations 
were again made near the pole, and the equator; to 
determine more exadly and with more certainty 
the figure and fize of the earth j and that the me- 
ridian ]me, which ought to be drawn through the 
royal obfervatory on each fide, to the confines of 
the kingdom, would be of very great importance 
for the deciding this queftion. 

In his Treatife of the figure of the earth, he re- 
lates alfo the opinions ot feveral authors, who, as 
well as he, have judged that the earth was pro- 
longed towards the pole \ and he recites among o- 
theriS, Dr, Burnet, who confidering that by the 
daily revolution of the earth, the mafs of water 
receives a greater degree of vebcity toward ihe 
equator, than towards the poles, where it defer ibes 
fmaller circles \ the parts of water which are 
moft agitated, make an effort to remove from 
the ceotre of their motion, and cannot raife thcm- 
Iclves, becaufe of the air which furrounds them on 
i4) all 
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all fides and reiiUs them ■, fo that they are obliged 
to flow on both fides to put themfelves in equiii- 
irici for* adds he, the waters which find any ob- 
ftacle, flow on the fide where they find a pafia^s 
and where their motion is moft free, fo that by 
the diminution of the waters of the ica, which 
we toward the equator, the globe of water 
IS a Jittle prolonged towards the 'poles, and 
the cruft of earth which ia for met] upon it, muft 
take the fame figure. 

In this diverfity of opinions concerning the fi- 
gure of the earth J we have thought it ueceflaiy to 
examine what that is which refutrs from the ob- 
fervations which we have made in the fouthcrn 
part of France, compared wiih thofe that M. jPj- 
€ard had made in more northern places. 

M. Pudrd\ meafupe of the earth extends from 
the parallei of Amiens, which is 4^*^ 54' 46" to 
the parallel of MalvoiJ/ne, which is 48** 31' 48^ 
and in this fpace, which is about i degree and 
^, the magnitude of the degree of a meridian a- 
mounts to 57060 toifes. * 

Our meafures begin at the royal obfervatory of 
PariSy which is under the parallel of 48050' 10% 
and end at Ccllioure^ which is toward the fouth- 
tm extremity of francs^ under the parallel of 
42^ 31' 13''. In this extent, which is 6** 18' 57', 
we have found the magnitude oi each degree one 
with another 57100 toiles. Thus if we fuppofc 
M. Picard% obfervations and ours to be exaft in 
all their circuiiiftance9,thcrefult is that the degrees, 
which are toward the north, are Jcfs than thofc 
which arc toward the foiuhi and that confequendy 
the figure of a meridian of the earth, muftbcfuch 
that the degrees Ihould encreafe (he more they ap- 
proach the equator, and diminifh on the contrary 
in going toward the poles i which is the proper^ 
1 of 



RoYAt Academy o^ Sciences. 297 

of an ellipfis, the great diameter of which repre- 
sents the axis of the earth, and the lefler diameter 
that of the equator, as will be demonftrated here- 
after. 

This eUipfi* turning about its great axis, fomis 
by its revolution a fpheroid, of which the poles 
are at the cxtreoiities of the great axis, and the e- 
quator and parallels are reprefcnted by circles. 
This figure is what we attribute to the earth, and 
we fhali give according to this hypothefis, a very 
fimple method to divide the eilipfes, which repre- 
fent the meridians of the earth divided into degrees- 
and minutes, and determine the inequa] ity of thele 
degrees, which are terminated in the heavens by 
perpendiculars to the horizon, which pafs through 
the zenith^ and cut all of them the axis of the earth 
in different points. Let * BDCR be an ellipfis 
which reprelents a meridian of the earth, of which 
let the poles B and C be at the extremity of thegrcac 
axis BC, and let the foci E and F be taken at dif- 
cretion. 

Wc would divide this ellipfis into degrees, that 
is, find fevcral points H, I, V, fuch, that the di- 
ftance from the pole to the zenith of each of thefe 
points be a certain number of given degrees, fuch 
as we pleafe. 

Let there be drawn from one of the foci of the 
ellipfis E, the line ET, which makes, with the 
axis BC, an angle BET, equal to the diftance 
given from the pole to the zenith. Let there be 
taken with a pair of compafles, a fpace equa! to 
the axis B C j and from the other focus F, as a 
centre, let there be defcribed at this interval, an 
arch of a circle, which cuts in T the line ET ; I 

• Plate VI. Fig. J. 



Vot. IV. N" 42. Q,q 



lay. 




2.gS TheHnroRr andMEMoiRB oj the 

0y, that the line FT, drawn from the point T to 
the focus F, will cut the ellipfis at the point H, 
which is fuch, that the diftance from the pole to 
the zenith of this pkce, will be of the number of 
degrees given. 

From the point H let there be ratfed HZ, per- 
pendicular to the ellipfiSj which pafles through 
the zenith z, and being prolonged on the infide, 
meets the axis of the earth In O, and divides by 
the property of the ellipfis, the angle EHF in two 
equal parts. Let there be alfo drawn from the 
point H, HP parallel to the axis BC, and di- 
rected to the pole P, which we fuppofe at an in- 
finite diftance. Tlie angle PHZ or POZ, mea- 
fures the diftance from the poje to the zenith of 
an inhabitant, who fliouJd be upon the earth at the 
point H, 

By the conftrudion, F T is equal to the axis 
BC i but BC by the property of the ellipGs, is 
equal to EH, plus HF •, taking away the com- 
mon FH, we fliali have EH equal to HT. 
The angles ETF],TEH, will therefore be equal, 
and conftfquently each half of the external an- 
gle EHF i but the angle EHO is alfo equal to 
half the angle EHF ; the angles TEH, EHO, 
will therefore be equal between them fe Ives, and 
confequently the lines ET, HO, will be paraJkl 
between themfdvcs, and the angle POZ, which 
meafurcs the diftance from the pole to the zenith, 
from the point H, will be equal to the angle 
BET, which, by the conftruftion, w."s made e- 
qujl to the diftance given from the pole to 
the zenith. Q^ E. D. 

Now 
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Now if we fuppofe the proportion of the grea 
diameter of the eilipfis BC, to the diftance EF be- 
tween the /{J«, fuch as we pleafe, we may deter- 
mine by calculation all the points of the eilipfis 
as Hj which terminate the degrees, making as 
FT or BC is to EF j fo is th^Jine of the angle 
PET, the g'ven diftance from the pole to the 
zeniths to the fine of the angle ETF or TEH, 
the value of which will confcquently be known. 
This angle TEH being added to the angle PET, 
the given diftance from [he pole to the zenith 
from the point H, gives the value of the angle 
BEH J that the line drawn from the focus to the 
fought point H, makes with the axis of the eilipfis. 

Now in the triangle EHF, of which the fide 
EF is known, as well as 'he angle EHF, which 
is double of the angle TEH, and the angle FEH 
fupplement of the at^gle BEH i we flialJ have the 
value of the fide EH known in pans of the axis 
BC. 

By the fame method we ftiall find the angles 
BEI, BEV, (^c. and the value of the lines EI, 
EV, for the diftarice from the pole to the zenith, 
of all the degrees of the circumference of the 
earth', and in the re<?tilineal criangles HEI, lEV, 
of which the fiJts HE, EI, EV are known as 
well as the angK^s contained between the fides 
HEI, LEV, which are the difference between 
the angles BEH, BEl, BEV determined here a- 
bove. we fliali 'tnow the value of die chords HI, 
IV", contained litrween each degree. 

We fhall thiircfore have the cxaft proportion 
of the chords c-f each degree of the circumfe- 
rence of the eaiih in the eltipt!c;tl hypothcfis. And 
as the proportion of thefe cords between them- 
felves is not Itnfibly ditilrent from the propor- 
Q^q 2 tion 
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)tlon between the arches of the ell ipfes which the] 
ifubcend, we ftiaU have at the fiime time the pre 
portion between the degrees of the circumferenc 
[of the earth at any dillance from the pole, fuppo- 
fing the excentriciry of ihe earch to be in a cer-fj 
iCain quantity. 

For a greater exadtnefs we nnight calculate the 
proportion between the chords of the halves and 
quarters of a degree of the circumference of the 
earth, that tlie difference which might be between 
the proportion of the arches and that of the chords, 
was lefs fcnfible v but if we confidcr chat the ex-» 
eels of the arch of a degree upon the chord which 
lubtends it, is only about 4 h-ci ; it is eafy to 
'judge, that the difference between the proponioa 
•of the choriis of each degree, and that of the 
arches of the ellipfcs which they fubtend, is abfo- 
lutely infenfible j add to this, that the meafures 
which we have uled for determining the magnl- 
tilde of the earth, have been made according to 
right lines, and not according to the curvity of 
due circumference of the earth. 

Having applied the method juft explained, 
to the figure of the earth, -which we at fir ft fup- 
pofcd to be like the orb of the moon in the el- 
liptical hypothefis, and of which the diftance be- 
tween the/oa, is, according to the modern aftro- 
namers, about ~ of the great di.vmetcrs we have 
found that according to this hypothefis, the degrees 
increafe in magnitude, in receding from the pole 
and approaching to the equator, iigreeable to our 
obicrvations, bm th^t this aui^raeimition from one 
degree to anodicr, at the diltance fiom the pole 
Of 40 degrees, was but two toifs and 4 feet, 
which is too little to reprefcni^tlie iijcquality of the 

degrees, 
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degrees, which refults from the comparifon of our 
obiervadons with that of M. Pkard*s, 

We have therefore been obliged to fuppolc the 
excentricity of the earth greater, and we have 
found, that by eftabltlhing the diftaace between 
the foci of the ellipfis, which reprefents a meri- 
dian of the earth, double to that which is attri- 
buted to the orb of the moon ; fo that' this dif- 
tance may be to the great diameter of the earth, 
as 8,724 to 100,000, that is pretty near as i to 
II. This elJipfis perfe<a:ly reprefents the figure 
of a mcridiaji of the earth, fuch as refuks frorti 
our obfervaiions compared to thofe of M, Ficard, 

We find for example, that the degree contain- 
ed between the parallels of 49 and 50 degrees, 
being 57,060 toifes, according as it has been de- 
termined in the meafure of the earth -, that which 
is between the parallels of 50 and 51 degrees, is 
SJfOyi toifes, and 2 Icet, greater than the pre- 
ceding by II toifes, 2 feet, and that the fum 
of fix degrees contained between the parallels of 
the places which we have determined the diftance 
of, is 342,600 toifes, which gives the magnitude 
of thefe degrees, one with another, 57,100 toifes, 
as we have oblerved. 

We alfo find, that according to the hypothcfisof 
the elliptic earth, the fmalleft inequality from one 
tlegree to another, is toward the poles, and the 
equator where it is only two or three feet. This 
inequality in the degrees increafes afterwards 
oil both fides to the parallel of 45 degrees where 
it is the greateft tliat is pofTible, and which wc 
have calculated to be about 1 1 ^ toifes. 

It follows from hence, that the mofl: conveni- 
ent places to know if there be any inequality in 

the 
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'he degrees of a meridian of the est rh,' are con- 
tained bt^tween theparaliefsof 40 ond 50 degrees, 
Tfrhich are exadly rhofe which we h^ive determined 
by our obftTvations. This inequality in the de- 
grees miift be obferved toward the parallel of 45 
degrees, even tho* we fhtiuJd fuppofe the earth to 
be depreflfed toward the poles; with the diffe- 
rence that the degrees dimirifli in niagnirude in 
approaching the equatorj which is contrary 10 
our obfervations. 

By continuing this inquiry, we find the-mag- 
nirade of a degree of a meridian toward rne 
pole to be 56)785 toifcs and I, and that ofj .de- 
gree near the equator 57,440 toifcs, fo ih.it fri^m 
the greatcft to the leaft degree of die earth, there 
is 655 toifcs difference. 

Taking the fum of al! the degrees of a meri- 
dian, we fhall have iis circumference of 
20,560,295 tftifes, only 41295 toi fcs greater 
than the circumference of the earfh would be' 
fuppofing it fpherical, when "the magnitude of 
the degree is 57^100 toifes. 

With regard to the axis of the earth, we fhall 
find it 6,557,040 toifcs greater th^n in the iphe- 
ric.il hypothcfis by 13,356 toiies, or about fewn 
of our lengoes. We fliall have alfo the difVance 
between the two foci of the earth 286,018 toifes, 
or 443 lesgucs', and in the re(5tangiilar ttiangic 
DAE, of which the fide AE, the half of [he iti- 
terval between the two fcct\ is known as well as 
the hyporheniife ET>, wJiich by die property of 
eifipfcs, is equal to half the gren;c diiineter BC, 
we fliall find AD to be 3,266^020 toifcs, of 
which the double DR, the diameter of the equa- 
tor will be 6,5^?., 040 Icfs than the axisBC^ by 
25,000 toifcs,' or li or 13 of cur leagues. 

1 The 
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^,:The dlffertnce between the axis of the earth, 
and the dhimcter of die equator, will therelofe 
be the af , of this di^^meter, greater by haif than 
what M. tiuygms has determined, and pretty 
ijear the fame with Sir Ifaac N^wlen'sj but con- 
trary ways. 

, The diameter of the equator being known, 
we flia.ll have its circuoifcrence of 20,521,006 
toifes, which gives the nn.ignitude of the de- 
grees of die equator which in this hypothcfis arc 
equal between themfelves, of 57,003 toifes alrnoft 
die fame with that of the meridian which is 36 
degrees diilance from the pole. 

Taking the difference betvveen the circumfe- 
rence of a meridian which we have found to be 
20,560,295 toifes, and that of the equator which 
is 20,52 ijOo6 toifes, we fhall have 39,2^9 toifes, 
or about 20 leagues, by which the circuit of the 
earth about one of thefe meridians, exceeds its 
circuit about the equinoAial, 

According to thefe principles we might deter- 
mine in toifes, or leagues, the diameter and cir- 
cumference of each pj:rallcl j for in the re<5tan- 
gular triangle ELH, the angle LEH, and the 
hypothenufe EH, being known, we fliaJl find 
the value of the fide LH femi-diimeter of rhc 
parallel which pafTes thro* the point Hj the lati- 
tude of which is known. 

The magnitude of the meridians and paralick 
of the earth being thus determined with regard 
to our obfervations, they may be ufed in the 
conftruflion of terreftrial globes, and geographi- 
cal maps. 

To facilitate the defcription diereof, we have 
drawn up a table, in which is marked in toifes, 

and 
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V. Experiments and reflexions upon the pro- 
digious duBiiity of fever &l todies ^ by M, 
de Reaumur j tranjiatcd by Mr* Cham- 
bers. " 

Art has its wonders as we]l as nature, and the 
reafon why we do not perceive them is, that 
they are always before out eyes. It is enough 
for us to fupply our wants, 'or our luxury, with- 
out enquiring into che artifice we are behoJden to 

for it, Of this we have an inftance in the 

wier-drawcr's art : the perfon that wears Jace or 
embroidery, fcldom confide rs the formation of 
ihofe wonderful threads, but a few philofophers 
have examined them, and have drawn excellent 
proofs from them of the prodigious divifibility of 
matter which they might have carried ftilJ further, 
if they had been acquainted with the full effefb 
of the wier-drawers art. They have even ac- 
tempted to account for this extreme duftility of 
metalsj though one of the greateft fecrets in na- 
ture, as depending on that very obfcure property 
hardnefi, and having its obfcure difHcukies be- 
fides. 

As to the phtlofophy of duftility, we have 
little to offer more than has already been done, 
but as to the management and application of it by 
art, we are in a condidon to difcover feveral 
things, accordingly, having had occafion to make 
feveral experiments on this head ; we Ihall here 
produce them, and examine the efFcfts of du(5li- 
iity in very different botiies. It will afford no dif- 
agreeable fpc(5tacle to fee colledted, as into one 
poiiii'of view, all that is remarkable on a fubjeft 

wherein 
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wherein art and nature feem to ftrive which fliall 
furnirti moft: curiofjties. 

Diiftile bodies are tbofe, which when beat, 
preffed, or drawn, ftretch without breaking one 
way, almoft what they bofe in another: fuch 
are metals, which, by hammering, gain ia 
length and breadth, what they ioofe in thicknefsj 
or by being drawn thro* a wier-dra wet's iron, be- 
come longer in proportion, as their thiclineft is 
lefsi we have alfo another kind of bodies, which 
tho' not malleable like metals, may yet be ac- 
counted duftile, as glue, gums, refins, and all bo- 
dies which being foftened by water, fire, or 
any other dilTolvent, will draw out into threads. 
■ Hence ductile bodies may be divided 

into 2 clafles, the firft whereof comprehends 
thofe which are hard and malleable, of which 
we fhall treat in the firft place ; the fecond con* 
flits of the foft bodies, wliich^tho* not malleable, 
are capable of being drawn out. 
. The common method of exrending the firft 
kind is, by beating thtm with a hammer : thus 
it is the artificers in gi^id, filvcr, copper, and 
pewter, reduce malfes of thofe metals into what 
figure they pleafe j but tho' this kind of manufac- 
ture deferves more attention than is commonly be- 
flowed on it, we fhall not dwell thereon, our de- 
lign being only to confider duftile bodies with re- 
gard to the great extenfion they are capable ojff. 

The gold beaters, by bare means of a hammer, 
reduce that metal into plates inconceivably thin: 
thus it is they prepare thofe leaves commonly 
ufed in guilding, which al) come from a thick 
ingot, gradually made thinner and thinner, till 
at length the leaves become light enough to be 
blown away by the (lenderelt puff: to learn in 
fome furer way, than by the accounts of the 
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workmen, to which Robault confided, ho*v 
far gold may actually be (Iretched in this method, 
I tCMok a quantity of the thinoeft leaves, fuch as 
thoie in their comnnon books, and after meafuring 
them carefully, weighed them in a fine ballance, 
by which means I found, that a grain of gold waa 
here beaten into an extent of 36 fquare inches 4* 
and 24 fquare lines, on which footing, an ounce 
of gold, which, in a cubic form would only have 
mcafured 5 lines f , either in breadth, length, or 
depth, and which would only cover a furfacc of 
about zy fquare lines, when ftretched by the 
g-old-bcater, will cover upwards of 146 Iquarc 
feet 4, a degree of extenfion greater by aJmoil f , 
than they were able to give leaf- gold 90 years 
ago. It was looked on with furprize in lather 
Merfenm*^ time, that aft ounce of gold might be 
made into i6oo leaves, which altogether, only 
covered 105 fquare feet. It would be te- 
dious here to explain how the art arrived at its 
pfefent perfedtion. We fliall not fo much ai 
mention the ingenuity of the operators, who^ 
filom bullocks gutts have procured that delicate 
parchment without which gold could not be re- 
duced into leaves fo thin. 

After all, how confiderable foevcr the eitcn- 
fion of gold may be in the leaf, it will appear 
but a fmall matter, when compared with that 
which the gold wter-drawera give it. There arc 
fome leaves of beaten gold, v^-hich in certain pla- 
ces are not -r. 



of a line thick 1 but 



of a 



line is a confiderable thicknefs, when compared 
with the gold which covers the filver wicr, com- 
monly fpua upon Clk. 

To conceive the extent to which gold is then 
ftretched, and hQw prodigioufly thin it muft be, 
it will be nece0kry to have a general idea of the 

gold- 



Royal Academy of Sciences. 365 

gold-beater*s art. — -What we call gold wier, e* 
very body knows is only filver wi«r gilt, and is 
draw a from a thick bar of filver ; they take fuch 
bar,, weighing about 30/^, and roanding it into 
the form of a cylinder or roller, about 15 lines in 
diameter, and 21 inches long j they gild it with 
leaves prepared by the gold-beaters, the leave* 
however employed for this purpofe are thicket 
than thofe intended for common gilding, and 
they frequently apply feveral, one over another, 
but tho* the layer of gold be here thicker than in 
other gildings, yet is it very thin, as may eafily be 
inferred from the quantity of gold thereijj^ To gild 
thefe ^ol&. of filver, they never ule above fix 
ounces of gold, which i& enough evthto make a 
fuper-gilding i but the common proportion is 
only 2 ounces ; and they frequently fcarce allow 
one, where the wier is to be but nightly gilt, as in 
the common gpld wier of Ly^t:s. Upon the whole, 
the layer of gold, which covers the ingot, is ne- 
ver above ~ of a line thick, frequently only a. 
30th or 45th, and fometimes barely a 90th part* 
■ Yet how much thinner muft this thin layer of 
gold be ftil! brought, and how many times divi- 
ded and fubdivided I The ingot itfclF covcrM with 
it, muft be drawn to a great degree of finenefs, e- 
qual, or even fuperior to that of a hair j this is 
done by pafling it luccefBvely thro* feveral holes, 
each finer than the other, and in proportion as its 
diameter is reduced by the Ilendernefs of the hole, 
its length i3 increafed, and confequently its Sur- 
face augmented, yet the gold, which covers the 
filver ingot, ftill continues to cover it, how prodi- 
gioufly foever extended, nor ever leaves the fmal- 
left point bare. Now how many divifions muft 
it have undergone, when the ingoi is reduced into 
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z thread, whofe diameter is 9000 rimes fmalJer 
than that of the ingoc. 

To give a further idea of the prodigious duflt* 
Jity of gold, I weighed | a drachm of the fineft 
wier, and mea Turing it with care, found it 2oi 
^et, confequently the ounce of wier was equal to 
3232 feet, and the pound, or 1 2 ounces, to 
387S4 ; the ingot therefore, which weighed 30M. 
and was only 22 inches long, had now arrived at 
the length of 1 163520 feet-^ fo that reducing the 
feet into fathoms, and taking the Jeague of 2000 
fathoms, the 22 inches length will be found ex- 
tended into ^6 leagues and 196 fathoms^ an ex- 
lenfion vaftJy fuperior to what father Merjifine 
and Furelier mention ; the latter of thot'e gentle- 
men oblerves after the former, that \ an ounce of 
wier will reach 100 fathoms and more ; this more 
is vtry confiderablej fince 100 fathoms, for \ an 
ounce, would only be 1200 feet for an ounce, 
whereas we have found it 3232 feet. Rsbauit 
alfo comes far behind us in the CKtenfion of 
gold. 

But the ingot, tho* reduced into fo flcnder a 
wier, is not lelt here, butremairis to be lengthened 
ftili further ; the greater part of the gold wier is 
fpun upon filk, and before fpinning muft be flat' 
ted, by paffing it between 2 wheels of poliOied 
iX^e^l i and thele wheels in thus flatting it, draw it 
out -^rnore, fo that the ingot is now arrived at in 
leagues long \ thefe ieavL-s of liitted wire are very 
(lender, their breadth is only about \ of a line, 
Worn whence it follows, that their thicknefs is only 
~- of a line, as appears by an tafy calculus. Fcr 
the wtight of a cubic foot of gold, and a cubic 
foot of lilver, being known by accurate experi- 
ments ; we fuppofe here that the cubic foot of 
■^Id weighs 21220 ouncesj and the cubic foot ot 

filver 
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filver 1 1523* wc Ihall not ftand to fhew the me- 
thod whereby it appears that thefe filver Jaminje 
are onJy ~ of a line thick : but inflead thereof 
turn our eyes upon the extream thinnefsof the leaf 
gold which covers them j this will appear truly 
amazing, if we confider the fmaJl quantity of 
gold applied on the filver ingot j fuppoie 2. ounces, 
as we have ihewn that lefs is ofien us'd by calcu- 
lation, it will appear, that the furface cover'd by 
thefe two ounces of goid^ is 2380 fqaare feet, or 
that an ounce of gold covers 1 1 90 fquare feet, 
whereas the gold beaters can only extend it to 1 46 
fquare feet. 

Now how prodigioufly thin muft ,rhe gold thus 
extended be, by the preceding calculus, we ihall 
find its thickfiefs only y--^'^ — of a line, and yec 
to have the gold which covers the filver, this 
rjr^^, the gold muft be fuppofed equally thick 
in every part, which yet is contrary to all expe- 
rience, for how carefully foever the leaf gold be 
beat, *cis impoiTible not to leave inequalities in it, 
'tis evident from their greater and lefs tranfparen- 
cy, that they are at leaft twice as thick in fome 
places than in others, and confequently in gilding 
the ingot, they will cover it very unequally, leav- 
ing the gold thicker by half in certain places than 
in others v now if we enquire, the thicknefs of the 
gold in thofe parts where it is thinneft, it will be 
only found equal to the 262,500th part of a 
line. 

Yet, is not this the utmofl bound to which 
the ductility of gold may be carried ■, in lieu of 2 
ounces, i need only have been ufcd, in which 
cafe, the gold which covers the filver wire, would 
only have been in fome places the 525,000th 
part of a Jinej but what is more, this filver-wlrs 
for All its thinneJi might be made thinner by i, 
e J- * I yet 




yet ftfU remam gi!c. All required hereto. Is' 
iqueeze it clofer between the wheeJs, till the pro- 
pofed extenfion be eflfeAed, and the wire mea- 
fure fth of a line broad j here therefore the gold 
which covers chem will be reduced to the 
j,Qoo,ooQth part of a line thick, in which cafe» 
their thicknefs makes a lefs part of a line, than a 
Jjne does of 1,200 fathoms. 

It may perhaps be furrnized, that the gold is 
much thicker than appears by this calculus, fince 
it may be divided into little feparate grains, yet 
placed fo near each other, as to give its colour 
to the filver. In fine, it is very natural tn fup- 
pofe, that the gold which covered the flatted wire 
does not form a continued leafj but experience 
Ihews the contrary s for upon diflblvicg fomc of 
the gilt threads in aqua forris, how fmall or thia 
foevcr they may be when the mcnftruum has had 
its effeiSt, they will be found turned into Co many 
fmail hollow tubes, the aqua fortis having eat out 
the filver, but left the gold intire t whence it ap. 
pears, that the gold which covered the fitvcr, 
forms one continued body \ and confcqaently we 
are able by art to divide a piece of gold^ a line 
thick, into a million different leaves. 

The art of extending foft bodies has not yet 
been carried near fo far. The only body of ihif 
kind that we can ft retch any thing confiderably, is 
glafs 5 and it will appear extrcamly furprifing that 
a fubftance, which of all others, is the moil bntde* 
and ftubborn, fhould be laid down as the fird 
among foft ductile ones •, 'tis known Indeed, that 
when fufcd by the fire, the workman can fjfliion 
It like foft wax -, but what is molt remarkable, 
and nearlicfl concerns our prefer c fubjeft is, that 
into threads inconceivably 
a common fpinner does not form her 

threads 
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threads of fl^x or hemp with half fp muchfaciliry, 
as a gl^s-man will make threads of ihis brittle 
Oiattef. 

Fe^ people but have Icen a fort of plumes 
ufed in the toppings of childrens caps, and in 
jOther ornaments, which 'tis well jinown, are no 
ijther than bunches of glals tbreadsj tho' liner than 
any hairs, and bending like them, by the fnialleft 
breath of wifid, ^ manufacture lb very extra- 
ordinary, would doubtbfs hear a very high price, 
were it not fo very fimpje, and e^fy to be perform* 
ed i it epiploys a pcrlbns at the fame time, but 
fcarce requires any flcill or dexterity in either of 
them. ^ 

The ijfl holds one end of a piece of glafs ovef 
ihe flame of a l-imp, and when it is fufiicientty 
fofcened, the other applying one end of a glil^ 
hook thereto, draws it away again without fepa- 
ratiqg it from the reft of the mals, then fitting 
this hopk upon the circumference of a vertical 
wheel, about 2 feet { in diameter, not unlike ^ 
common fpinning wheel, nothing remains but 
CO turn it about i for in proportion as it turns, it 
draws part of the melted glafs towards ir, which 
part ft ill adhering to thofe before and afierthem, 
form a thread which winds round the rim of the 
wheel i each revolution lays on a new round of 
thread, till at length the circumference of the wheel 
is covered as it were wiih askain of glafs thread j 
the melted mafs diminishing apace, and winds 
out like a clue on the rim of a vy^htel ; the parts 
as they recede from the lamp, grow cool, and 
ilick fafter to each other ; the rell which are near- 
er the fire re main iig loo fe: and thus continually 
obeying the'atrradtion of the former. Nor is the 
workman obliged to turn his wheel Qowly, for 
fcar of breaking the thread *, hfi may turn as 
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fwifr, and difpatch his work as fafl: as he pleafes, 
without (he thread breaking at all the oftencr. 

The threads thus formed » are not uniformly 
round, but rheir circumference is a very flat oval, 
being twice or ! hrice broader than thick ; fome of 
them are extremely fine, fcarce fhort of the thread 
of a fillc worm; and accordingly thefe are flexi- 
ble to a furprifing degree. One may knot the 
2 ends of fuch a thread, and draw them till (he 
hole in the middle be fcarce ^th of a line in dia- 
tnetere'er It will break. 

How fliff foever, and inflexible glaft appears 
in the lump, it is not efTentially fo t if we had the 
art of drawing much finer threads, .they would be 
more flexible in proportion 1 whence it may be 
concluded, that if we could draw threads as (len- 
der as tholt: wherein the fpiders lay their eggs, 
we might make glafs threads proper to be wove 
in ftufe; and that if gl.tfs be not malleable, it 
may however ( if 1 may ufe the term ) be testa- 
ble. I have tried feveral ways for making glafs 
threads vaftly finer than is commonly done, but 
have not been able to get them to the ncceflary 
length. The danger is in giving too great a. de- 
gree of fufion to a matter fo very thin, as that 
which mufl: here be ulcd, not to mention the 
difficulty of drawing it gently enough, and in an 
equable manner. The method which fucceedetl 
the belt is, that which follows j I took a glafs 
thread feven or eight inches long, and llifpending 
ic in the air by one end, I loaded the o:hcr end 
with a piece of wax hardly weighing a tetith 
part of a grain, which yet was enough to draw 
the glafs thread downwards. Near the thread 
thus fufpended, I drew a little taper ; upon thtM- 
rival whereof, at a certain degree of neamefi, I 
could perceive the little weight dslccnd in jerks 1 

by 
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by this means J frequently ft retched a piece of 
thread ^th of an inch long, to the extent of nine 
or ceil inches, but have rarely been able to go 
much further, by reafon the Oightcft breath of 
wind would blow the flame of the taper lb near 
the thread, as to melt and break itv it was r.oc 
eafy to make x fufficient number of threads in 
this manner, whereof to conipofeone pretty thick 
one i but by the experiment I learned, that one 
may make threads of gUfs finer than tliofe of any 
fi Ik- worm. Thofe I drew in this manner fcemed 
almoft as fine as a fpider's thre;ids. I would wil- 
lingly have learned to wh^it degree they were 
flexible, for they appeared to be prodigioufly fo s 
but they were too fine, and fhorr, and their num- 
ber too fmall for this purpofe. 

Thus much is certain, that the matter whereof, 
even the fpiders and ftlk-worms fpin their threads, 
is brittle in the mafs, like all diy gums, as I have 
cried, by letting it dry \ and it may be added, that 
tho' the threads fpun hereof were lefs flexible than 
they are, they might neverthelefs be woven, 
whence it ftems to follow, that we only want the 
arc of extending the ghifs, to be able to work it 
into cloth.- .In efrefl, if the glafs threads were 
fine enough to give them the flrxibility neceffary 
for weaving, they would naturally be llrong e- 
nough to prove their ftrength. I hung leveral 
weights to the fineft glafs threads, which the woiU- 
men make, and found that one fin^fe thread 
would fuftain 15 drachms, orncar 2 ounces with- 
out breaking; 'tis true chefe threads were 3 or 4* 
times broader than a thread of a fiik-worm, but 
they did not feem any thicker, whence it leems 
to follow, chac they would be confiderably ftrong- 
cr than die threads of a fiik-worm, even though 

S f 2 they 
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ihcy were equally (lender, fince one of the ftrong-- 
eft threads of fitk will only fuftaifi 2 drachms f^^ 
whofe ftrength of confequence is only ~ of that 1 
a gUfs thread. A difproportion muth greater than' 
that between their folid concents. Accordingly pick- 
, ing a large bunch of the fineft of thefe thfead%^ 
and dividing chem into feveral portions, irid* 
twifting thtile together as barbers plait ttefles c>F 
hair, we find them very ftrong, not but fevefal ' 
ocher threads will break in the plaiting j and 
after all, there is no likelyhood that any great ad- 
vantage will ever be procuiM from giafs ihreadsi 

Gums, refins and wax, are alfo duftile fof 
bodies, but none of them are much confidered by^ 
artificers in that capacity ; 'tis true the wax-i 
chandler's draw their torches or tapers through^ 
holes, like thofe of a wire-drawer, but this is not 
to extend, but to make them round and fmooth^ 

If we be defective in the management of th»' 
clajfs of duiflile foft bodies, *ris in fomc meafurc 
compenfated by that artifice found in feveral ani- 
mals, for extending it beyond all imagination \ 
fi> that we have nothing to do but employ the 
threads prepared for us. *Tis obvious we here fpeak 
of thefilk-worm'3 threads which are formed of a 
vifcous matter ifiliing from the body of the in» 
fciSt, which arrives ac a confiftence much as glafs 
threads become hard, by receding from the lamp, 
iho* from a different caufe, as fhaSI be fhewo 
hereafter, nor fliall our enquiry into the cxfenfion 
of dudtile fort bodies, terminate in the filk of 
worms.Thcfe animals which yield the moft profit, 
rarely afford us the mofl: curiofity, but nature ot 
the cortrary, feems to have beftowed moft art ii 
the contrivance of thole which arc troublefomc 
to Bs, and for which we even have an averfion ; 
thus fpiders, thoi'e mifchievous inft^ts, which pro- 
3 bubly 
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bably would not fpin at nil, unlefs to ihcommode' 
lis, as we have already fliewn, in an enqufrv into 
the ptodiic^ of their filk, in the tnemoirs for tha 
year 1710, are incomparably better fitted than 
filk-wdrmsv ro ^^^w how far nature can go in 

exiCndJng a viftid juice.- In the dilGOUrle al»»- 

ready cited, we only Ipokc occufionally of the e%* 
tream fineneft of theif threads, to prevent di*- 
grefling too ^ir from the principal point, we fhall 
now examine a little nearer, and infpeft that ad- 
mirable mechaiiifm wh^rcbythey arc formed. 

The iiluftrious Malpi^hi in his amtomy of the 
filk-*orm* defmbes the parts from whence their 
A Ik is derived, and we fiiall find another appma^ 

tus in the botly of fplders near the fpidera 

tail there are fix teats or papilla *, the end of 
each whereof is a fpinning inrtrument, through 
which the threads are drawn ; thefe moulds tir 
fpinning inftruments are inconceivably fmal), in 
a conipafs lefs than a pin*s head. There are e- 
nough of them to give rife to a furprifmg muU 
titude of threads, as may be eafily perceired by 
their effefts; taking a large garden fpidcr readj 
to lay its eggs, and applying a finger on one of 
its papillae, as wc withdraw fhe finger, a furpri* 
fing quantity of feparare threads will come after 
it, as lliewn by KAMN, ^c. I have endeatour* 
ed to learn their number by ufing a good mi- 
crofcope, and have frequently told upwards of jci 
or 80, but could eafily perceive that they Wcrft 
infinitely more, tho' they all arofe from ii fmall^ 
"part of the papilla. In eftcd, if I were to hf 
that the end of each papilla furnifhes a thoufand 
threads, the number would perhaps be thought 
exceffive, and it appears to me much too fmall 
to exprefs the number of chde threads, as every 
• Plate VI. Fig. 9. 
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body may be convinced, by examining a fapilfa 
of a chamber-fpidcr wiih a microfcope. In 
this contemptible infefl; we find a beautiful 
ftriifture j the end of the papiliti is divided into 
a muititude of fmaller eminences, much like flies 
or butcerHies eyes, and each eminence doubtlefs 
ferves to make a different thread, or the feveral 
dents between the eminences may perhaps be 
jiierced, and thus give pafTage to fo many threads, 
the little eminences only fervingto keep the threads 
from mixing together i thefe eminences are not fa 
fchfible as the papillae of garden fpiders, but in 
lieu thereof we find a foreft of little hairs, which 
may probably anfwer the fame purpofes- — 'be this 
as it will, it appears inconteftable, that from each 
papilla of a fpider^ there may arife threads from 
above a thoufand different places, and confe- 
quently the animal having 6 papill^y may gi^^e 
pafTage to 6000 threads-, nor is the artifice uf na- 
ture barely fcen in piercing fuch immenfely fmall 
holes, but the threads are already formed when 
th;y arrive at the papiiLe^ each of them having 
its little canal or vagina apart ; in effe<^, we find 
them formed and fepurate from each other at a 
great dift.-tnce from the papilU^ and to explain 
the whole mechanifm, we muft go back as far as 
the fource of the pice they are compofcd of 

In inre<fts fo fmall and futt fuch delicate parts are 
hardly dillinguilhable without a little atceniion* 
but boiling the anim.d, or drying it, or leaving it 
a few hours in fpirit of wine, renders all the ef- 
fential parts vifible withrmt a microfcope. Ncarihe 
rife of the beHy, as at DD*, we find two litslc 
fofn bodies, which are the fir ft fources of the filk in 
figure and tranfparency ; they rcfemble glufs 
drops, whence for the conveniency of exprdliur., 

• Fig. 7. 

we 
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we (hall noc fcrupie to call them drops * j che 
point of each drop goes winding as in R, and 
forms a multitude ot bends towards the pa- 
pilU. From the bafe of the drop proceeds another 
branch miicb bigger than the former, as S, which 
making alfo a greater number of folds, forma 
feveral knots, and advances like the other towards 
the hind part of the fpider, 

1 have fometimes unfolded thislafl; branch till it 
were 9 or 10 inches long, tho' only a part of it 
. were then unfolded. The drop and branches 
which arife from them, contain the matter whereof 
filk is to be formed ; but this matter is yet fofr, 
and unlefs the fpider have been dtied, will hard- 
Jy draw out into long threads. The body of the 
drop may be confiderfd as a refervoir, and the 2 
branches as canals proceeding from them. If the 
fpider be not over-boiled, the. branches will bevi- 
fibly feen inverted with a membrane which pre- 
vents the tranfparency of the liquor from appear- 
ing, btic by rubbing the canal gently, this mem- 
brane comes off a littte further j behind, there 
are 2 fmaller drops which fend forth one more 
branch from their point, fo that on each fide the 
fpider there are g drops which fend forth ihelr 
jiquor, by 3 canals, to the proper rcfervoirs from 
whence it is immediately fupplied for the forma- 
tion of filk. 

On each fide the fpider, as at EE i", there are 
three other bodies, which may be connjered as 
the ultimate refcrvoirs wherein the liquor \% ga- 
thered i thefe we call the grand refervoirs [] ; they 
are much bigger than the drops, and the three 
which are on the fame fide are ranged in fuch 
manner by each other, that ihey only fcem 
• Fig. 10. -f Fig. 7. II Fig. II. 

to 
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to form a fingie body, thej^ are very different in 
figure^, am] yet have this in common^ that each 
oi tlicm makes 6 or 7 bcnds^ and are pretty 
equably thick throughout, tho* one of their ex- 
tremities is bigger tlian the other, the iarger end 
as VVV, is next the head of the infecl, and the 
fm.iller TTT, next the anus \ thefe latter termU 
nate in a point, and almoft meet cadi otiier, like 
the three middle fingers of the hand. From the 
three points of thefe relervoirs proceed the threads, 
or at leaft the chief parts of the tlireads, which 
iffae at the tliree papilU^ each refervoir being 
deftincd to fupply one papilla j this is not diffi- 
cult to perceive, for not only the point of each of 
thefe relet voirs is fecn terminating in a thread % 
but if the adjacent parts bedexteroufly managed, 
we perceive a mufiitude of threads which proceed 
from thefe bodies, and may be traced to the pa- 
pillis. 

In fine, at the origin of the papilla wc disco- 
ver feveral flefliy cubes, and have reafon to ima- 
gine, that there are as many papiiU. If the mem- 
brane or pellicle which feems to corcr thefe tubes 
be removed, we find them full on the infide, with 
threads all difl:in(?t from each other, and which gf 
confequence, under one common cover, had each 
of them their particular one. 

'Tis true, upon tracing thefe threads we find 
fcveral of them which come further off than the 
points of the grand refervoirs, fome of them lecai 
to come from the middle, others a little lower, 
and otiiers a little higher i fo that the whole mill* 
titude of threads coUedtcd near the papilla of the 
fpidcr do not ail fcem to arife from the points of 
*he refcrvoirs -, 'tis more probable that fome ariic 
from [he fcvcral angles, or perhaps fcoro other 

parts 
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parts of the refervoirs. All we can affirm for cer- 
tain js» that thcfe bodies feem to have one com- 
mon tegumentj and that there are a multitude of 
threads which follow all their windings. 

As to the manner wherein this juice is gathered 
in the drops, and its paiTage thence into the 
grand relervoirs, the eye can give us no informa- 
tion. Maipigbi^dS clear fighted as he was, content- 
ed himfelf with defcribing the veflbl wherein the 
Jiquor of his lUk-worm is collefted, without ci- 
ther explaining the manner wherein it comes thi- 
ther, or itspalTage out again. What then can be 
expected from us, in an infe£l much fmaller than 
ihefilk-worm, and which contains 6 or 7 thou- 
fand times more parts ? 'Twill be enough for us 
to make fome refieftions on the prodigious dufli- 
Hty of the matter whereof their threads are com- 
poled, and the immenfefinenefBof the holes, thro' 
which they pafs> and the tubes they are moulded 
in. 

We have obfcrved, that from the end of each 
papilla there may iflUe upwards of a thoufand 
threads, yet this end of a papilla is no broader 
than a pin's head, and the holes are of necelTity 
feparated from each other by intc-rvals which muft 
be greater by much than the holes themfelves i 
and this even in the largeft fpiders: for if we con- 
fider the young ones produced by thefcj we fliall 
find them to fpin threads the moment they quit 
their neft i thefe threads 'tis true are hardly to be 
perceivedi but the webs formed of them are fuf- 
ficiently vifible, being frequently as thick and as 
clofe as that of a chamber-fpider -, and this by 
reafon 4 or 5 hundred young fptders concur to the 
fame work. How ftnall now muft the holes be thro* 
which thefe threads are drawn ? The imagination 

Vol. IV. N". 43. Tt can 
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can hardly reach the fmallncfs of ohe of theile pa- 
pillae. The whole fpider perhaps is fcarcc fo big as 
a fingle papilh of one of the parent rpiders,as may 
be eafily Jhewn j for every pregnant Ipider lays 4 
or 5 hundred eggs, Which are all indofed ih a ball i 
and as foon as a young fpider has broke thro* this 
ball, they begin to fpin. How (lender then muft 
each of the threads be that iffue frtJm each papil- 
la I It were perhaps needlefs to ihew, that nature 
can carry the duftility of this nnatterftill further, 
otherwife it might eafily be dbne j for fome fpi- 
ders are fo fmall at their birth, thai there is no 
dininguifhing them without a microfcope. They 
are of a red colour, and being gathered in large 
crowds, feem only to the naked eye, like cluf- 
ters of red fpecks*, and yet alt of them, how im- 
perceptible Ibever, make webs, and confequently 
Ipin., What then muft the tenuity betifthe thtieads 
which iJTue from the hoJss of their papilfe? A 
hair compared to one of thefe threads muft be 
thicker than the largeft bar or ingot compared to 
the fletidereft filvcr-wire. To fay no more, thele 
threads, which however are cbnfiftenr, and hang 
together, are leis in diameter than the thihhcft 
layer of gold which covers the fiiieft filvef- 
Wite. 

We have already obferved, that the matter 
whereof thefe threads are formed, is a vifcbus 
juice ; its fir ft appearance is in the drops above- 
mentioned, where it has but little confiftence i but 
we find it much improved in the grand refcr- 
voirs, to which it is tranfmitred from the drops. 
We fuppofe a confifterce required tn the way by 
a fecretion of part of the moifliire, or aqueous h- 
t^uor mixed therewith, made by parrs deftincd for 
ihatpurpofej but the liquOr dries ftill fuiiher Tn 

i:s 
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Its palTage to the papiDa;, thro' proper cansls, till 
"at length it becomes thread. At itsappear&ngs 
without the hole, it |till remains fol^t and gluti- 
ijous, fo that the thr/eads of dj9erenc holts ftick 
together at fome diftance therefrom » and the mat- 
ter docs not. b,eC0Tiie perfe(£l:!y dry, ,tilj the air 
has ejthaicd the reft of its moifture. 

Thus much is eafiiy provct^ by drying a laree 
ipider by ih,c fire, or bpiUng it in water. A licde 
drying or boiling -wiU give the matter in the drops 
a Sufficient cqadltenqe to ^fit it .to be drawn out in- 
to threads* and at the ff^me time will linBt that in 
.the grand relcrvoirs fro.m ibeing drawn j t^ut boil- 
jng the fpider to a further degree, the patter in 
the drops becomes a kind , of hard glue, incapable 
pf any further draining i whence it appears evi- 
,dent, that ic is by drying or evaporating the ute- 
jels moifture, that the matter of filk becomes 

I was well nigh betrayed indeed by a fpecious 
experiment irifo an opinion, that it is not bj the 
evaporation qf ^n aqueous matter, that the 
threads of fiik acc|uire their cotififtence. Drawing 
out fome direads iroin the hind part of a fpider, 
and winding them on a flick, I plungc-d the fpi- 
der, (lick and allj in water, and continuing to 
turn the ftiqk about, found tfie filk threads conti- 
nue toiflue from the papillae as before. -;^I 

was not yet in the fecrcc of the method of the fpi- 
der "s fpinning, nor knew that the threads had ac- 
quired a conliftence before they ifliied from the 
holes : this confidence, tig true, is yet defective, 
bat fufHces to make them hang together; and 
they continue to dry in the warer. A proof 
hereof is, that if the drops, or the grand rcfer- 
voirs, be lleeped in cold water, the contained 
T t z matter 
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matter ^ins no confiftencc thereby \ on the con- 
trary, if the matter, either of the drops, or the 
grand refervoirs, be left a while in fpirit of wine, 
it will acquire the fame confiftence, as if the fpi- 
der had been dried. 

We may add, that the matter in thele reser- 
voirs refembles fiJk in its colour, tho' in no o- 
ther quality, 'Tis much like a gum, or a tran- 
fparent glue, and breaks when bent to a certain 
degree, or a certain number of times, like glafs. 
It is only flexible when divided into rery fiender 
threads ', and if nature have multiplied the num- 
ber of holes in the papillae, *tis probably bccaufe 
the filky matter formed in their bodies, is natu- 
turally more brittle than the matter of filk-wormsi 
and requires to be divided in fmaller parts. "With- 
out this, what neceffity was there for forming 
fuch a number of feparaie thr^'uds to be united 
again after, when a fingle canal might have made 
a thread big enough at once ? 

*Tis probable, that the matter in the relervoirs 
never grows perfe6lly dry, even in the air j but 

[-that the middle parts ftill remain a little moift; 
the external furface muft neceflarily dry the firft s 
and this furface, when dried, is-indiflbluble by 
water, and impenetrable by it; and confequently 

[, niAjft prevent their moifture in the middle of the 
mafs from efcaping, as well as the external moi- 
fture from entering j and this probably was one of 
the reafons why fpiders threads are naturally fo 
fmall, fince to xnaLe them ftrong they muft be 

[; very dry \ and they never would have been fuifi- 
ciently dry ifthty had been left flender. 

It would now be time to explain from ^whence 
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moir being but \\\ attoned for by dofing the reci- 
tal of certain fads without reafonings, which are 
always precarious. 

J ft explanatien of the figures in plate%!^i. 

Fig. 6. is one of the fpecies of fpiders, which 
fpin filk, feen at the upper part. 

F/g. 7. the fame fpidcr feen underneath. A A 
mark the place where the belly is joined to the 
breaft. 

At B are the papilliS and the anus. 

DD fhew the place, where the firfl rcfervolrs, 
whith we call drops ^'^^ placed, 

EE fhew the place vvhere the laft reJervoirs 
are. 

Fig, 8. is a part of the belly of a fpider mag- 
nified, 

F is the anm. 

GGGG are the 4 great papilU^ vifible only 
when the fpider holds tbem as in this figufe, 
which it commonly' dots when one holds it. 

Fig. 9, is alfo a part of the belly of a fpider 
magnified; it fliews all the jO^j^H'/.e difpofcd ;is 
they are when one prefies the belly o{ the in- 
fedt. 

HH are the two moft diftant f&pilUiwxn the 
anus, A bundle of threads a comes out of 
one of thefe papilla. 

II are two great pspill^y a) moft equal to the 
former. 

KK are two imdWtt papilla, 

L is a flefliy part which covers the back fide of 
the fpidcr, it raites it up, to let the excrements go 
oyt. 

OMP 
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OMP are 3 papilU oiagnified 5 different fpe- 
cics of ipidcrs have tbeni differently made. 

O is one o^iht fapilU H. 

M is one of the popHlte I. It appears rfiat a 
prodigious number of feparate threads N pioceed 
from this. 

P • is one of the middle papilla K 5 .all ,the forts 
have a quantity of hairs j but it would have made 
^m too coufu^d, if we had put all that the mi- 
crplcope difcovers. 

Fig, 10, RQS is one of the relervoirs whfch 
we have called drops ; the part Q_is the ncareft to 
AA in^^, 7. R i& part of the drop endjqg in a 
point. S is that which makes a na-wcjrfc, be- 
fore it arrives at the great refervoirs. 

Fig, II. are 3 of the great refervoirs placed one 
above another, but not quite fo near as they are 
naturally. Our view was to fliew that they arc 
three. In the animal they feera at firft fight to 
make but one body. VVV are the neareft ends 
to the head of the infe£t. 

TTT are the fineft cnds^ and the neareft to 
■the anus. 

Fig, 12. is one of thefe refervojrs ;feen fepa- 
rately. 

VI. FLejicBlom en the ohfervatious of t^c tjda 
by M, Callini*. 

Philofophers are not yet agreed as to the c^ufc 
and efftfe of the flux and reflux of the fca. 

Pajftdonius^ according to Siraboj fays, that the 
motion of the fea imitates the revolution of the 

• Aug. 2, 1715. 
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heavenly bodies, and that there is in the fltix of 
the fea a daily motion, another which follows 
the revolution of the lunar monthsj and an annual 
one. 

That the diUrnal motion is that which the iea 
riiakes in rifmg and frilling twice in the day, that 
the monthly liiocion fhews itfelf by the different 
heights of the tides, which are great toward the 
new riioQtis, diminifli to the firft quarter, and 
jncreafe to the full moon, after which they fall 
again. As for the annual motion^ he had learned 
from the inhabitants of CuMz, that toward the 
fummer folflices ihe'flaKes and refluices of the 
fea were "the gr^ateft, which made him conjedturd, 
that they dirainifh to the autmrina! equinox ^ that 
they aftenvards increafe to the winter folftice, af- 
ter wKich they dimihtni, and fo tfn fuct^cffive- 

Ph'ny affirms, that the fun and hioon are the 
caufe of the Rux and reflux ; he feetns to bfc of the 
fame opinion with PcjiJ&niuj^ as to the daily mo- 
tion of the flux and reflux of the fea, and in that 
which is obferved in each revolution of the moon; 
but he affirms on 1he contrary,, that the grcatc-ft 
tides happen in the equinoxes, and the fmalleft in 
the folftices i and that they are alfo greater in the 
autumnal equinox, than in thQuern^l, He adds, 
that the tides are lefs when the moon is northern, 
and diftaht from the earth, than when it is fou- 
thern, arid its force aifts nearer v and that in the 
fpace &f eight years, after ico revolutions of the 
Wobn, the fame principles of the m'otion of the 
fides, and the flmic augmerHarions are obferved. 
He obft'rves iailly, that ail thefe changes do not 
happen exadly in the times here above marked, 
bu: foine days after. The cfF^fts of things which 

pafs 
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pa(s in the heavens are not felt upon the earth fo . 
joon a£ they arc feen. 

Several modern philofophcrs have alfo diico- 
vered three forts of minions in the flux and reflux 
of the fea -, one which it makes twice every day ; 
another which follows the periods of the moon; 
and thti third which i^ fecn every year at the time 
of the equinoxes and folltices. 

They all Agree with ?/ «y in fuppofing that the 
tides are greater m the equinoxes than in the fol- 
ftices -, but they differ among themfelves in whit 
concerns the caufe ot thefe phcsnomena, 

Galileo is of opinion, that the principal caufe 
of the flux and reflux of the fea, proceeds from 
the motion of the earth about its ax is, which it 
makes in 24 hours, during which it is carried on 
at the. fame time by its annual motion, which it 
makes about the fun in the fpace of a year. Al- 
tho'both thcfc motions are made from the weft to 
the eaft, each point of the fur face of the earth 
mull have different degrees of velocity with rela- 
tion to a fixed point taken in the heavens. For by 
the daily revolution of the earth, the parts expofcd 
to the fun are carried off a different way to that by 
which the earth is moved by its own motion j and, 
on the contrary, the parts of the furface of the 
earth which are in the oppofite hemifphcre to the 
fun, are carried off by the daily revolution the 
fame way by which they are carried on by its 
own motion ; from whence there refults a com- 
peund motion, the velocity of which is greater 
than in the preceding cafe, and varies according 
to the different direct ions of thefe two motions. 
The parts of the furface of the earth being there- 
fore moved fometimes flower^ and fometimei 
fafter, in the fpace of 24 hours, it follows, that 
3 the 
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die waters contained in the ka, ivhich cannot ex> 
afily follow the motion of the iurfacc of the 
earch, are obliged to flow and ebb in the fpace of 
a day, juft as water contained in a veflfcl would do, 
which beii>g carried away with a certain degree 
of velocity, on a certain fide, would Bow back on 
the oppofite fide, and afterward* return toward 
the other edge when this vdociry ihould begin to 
abate conliderably. From hence he concludes, 
that there mu(t be in it a fiux and reBux in the 
fpace of 24 hours i but becaufe of the water 
which always tends to be in equiii&riit^Midievtti} 
accidents which may happen, as the ditFerent 
depths of the fea, and of the dire£ii«i of the 
coafts of the fea which interrupts its motion, the 
flux may accelerate 2, 3, 4, 5, or 6 hours, which 
makes them commonly obferve in the Mediterra- 
nean the flux of the fea every fix hours, though in 
Other places we may find it differait. 

With regard to the motion of the tides which 
follow the periods of the lunar months, he pre- 
tends that they are produced by the inequality of 
the motion of the earth, which acquires a greater 
degree of velocity when the moon is in coajunftion 
than when it is in oppofition. For this he fup- 
pofes, that the force proceeding from the fun a^Ss 
in like manner at an equal diltance from it, and 
moves with more velocity the bodies which are 
nearer the centre of their motion, than thofe which 
are farther diftant \ from whence it follows, that 
the moon muft have a greater degree of velocity 
in its conjunilion, when it is nearer the fun, than 
in its oppofition, when it is farther diftant from it, 
which ajfo contributes to accelerate or retard the 
motion of the earth, like a pendulum, wi^h 
makes quicker or flower vibrations, according as 
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the plummet is placed nearer or farther from the 
centre of iis motion. This inequality of the motion 
of the earth in the conjunftions and oppofitionsj the 
period of which is the fame as that of the revolu- 
tion of the moon, is the caufe, as he imagines, of 
the inequalities that are obferved in the tides in 
the courfe of a month. 

As for the inequalities which are obftrved in 
the tides in the courfe of the year, Galileo imz- 
glnes that they proceed from the difference which 
refults from the compofition of the annual and 
daily motion, according to the different fituations 
of the earth upon the ecliptic. For the daily revo- 
lution being made about the poles of the equator* 
and the annual revolution about the poles of the 
ecliptic, which is 23 degrees and I diliaBt from it, 
it follows that when the earth is in its tropkks, 
the circle of the declination concurs with the cir- 
cle of a Latitude which is called colure, and both 
thefe revolutions are made in the fame direftion; 
whereas, when the earth is in the equinox, chefe 
motions are inclined to one another in the direc- 
tion of £3 degrees and |, from whence there pro- 
ceeds a different compofition of motion from that 
which happens when the earth is in the tropics. Ac^ 
cording to this author, there refults from -the dif- 
ference of thefe two compound motions ibme in- 
equalities which are the caufe of that which is ob- 
ferved in the folftices and equinoxes. 

From hence he concludes, that the periods of 
the tide which are regulated according to the 
days, months, and years, all have for their firft 
and principle caufe the annual and daily motion 
of the earth ; and that the fun and moon cornc in 
only by accident. 
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- Hefcartes, who feems better informed than Ga- 
lileo in the phenomena of the tides upon the coafts 
of the ocean, and who knew thit they there ob* 
ferved regularly the flux and reflux of the fea twice 
3 day, in the fpace of 24 hours, 48 minutes, or 
thereabouts, fo that the fea takes exactly 6 hours 
12 minutes in rifing, and as much in falling, 
attributed the principal caufesofthisphoenomenon 
to the motion of the moon. 

He judged that the celeftial matter, which fur- 
rounds the earth being moved by the daily motion 
with more velocity than the earth, was inclofed 
between the earth and moon, which obliged the 
earth to give way a little to the oppolite fide. That 
by this means its waters were compreflTed on both 
fides, according to the direction of the moon to 
the earth, which made them flow back on both 
lides to the diftance of 90 degrees, where the 
greateft height of the fea Wiis. That the moon be- 
ing arrived 6 hours, 12 minutes afterwards, at the 
diftance of 90 degrees from the place where it was 
t>efore the waters, which had been then railed, 
were cotnpreired by the interpofition of the moon, 
and the fea confequently was lower there than in 
any other place. And therefore it muft have in 
the fame place a viciHitude of high and low fea in 
the fpace of 12 hours, 24 minutes, as has bcea ob- 
lerved there. 

As to the tides which in each lunation are high- 
cfl: in the new and full moons, and loweft in the 
quadratures, he pretends that this proceeds from 
the diredtion of the vortex of the earth, which ac* 
cording to his fyilem, is elliptical, and has irs 
lefler axis direCled toward the fun. That in the 
coniundions and oppofitions the moon is in this 
diredion, and confequenily the flux and reflux of 
U u 2 ihe 
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the fea muft be greaier than in the tpjadranires, 
when the mooft is Etuated in the dire^joo of the 
grcaceft axis of the eUipfisL 

He adds at Idt, ihac the moon being always ia 
a plane near the ecliptic, and the earth making 
it3 daily FeroJution according to dbe phuu of tfac 
equator, both thefe planes incerftift one ajiochcr 
in the equinoxes, whereas in die foiftices they are 
very diilant from one anocher ; from whence ic 
follows, that the greateft tides muft happen to- 
ward the beginning of the fpring and autumn. 

(Kepler in his Junar aftronotny * attribwies cfce 
€aufe of the flux and reflux of the lea to the bodies 
of the fun and moon, which attract the waters o§ 
the fea by a virtue almoft J ike that of the lo^~ 
ftone. He owns it is difficult to explain by this 
means why the flux of the fca is as great at mid- 
night when the fun and moon are abfem, as ac 
noon when they are prefent. However, he ima- 
gines that the flux of the night may be produced 
by the rcfletftion made againft the coaft of Amt^ 
ties by the waters, that the moon has carried 
away with her, and reciprocally by the rcik<£tion 
made againfl: the coafts of Europe and Africa^ by 
the water that the moon brought at her return. 

Sir IJa&€ Newton^ in his Principia Maibema' 
lira adopts the opinion of Kepkr^ in attributing 
■ the caufe of the tides to the attraflion produced by 
the fun and moon. According to his principles 
he fiflds, chat the fea muft rife twice every day, 
both folar and lunar j and that the greateft height 
of Dbe tide muft happen in lefs than fix hours after 
the paflage of the fun and moon through the me- 
ridian, as is obfervcd in the eaftern parts of the 
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AsUntic and Ethiofnc oceans, between Franm') 

and che Ct2/>^ of Geod'Hopt^ and upon 

of Cife/A'and P^ra of the Patijic 

£lux of the feit happens much 

hour. 

Thcfe twa motions which the fun and the moon 
produce, are net perceived diftinOiy, but make 
a compound mocioa In the cofijun&ioos and 
oppofitions thefe two effcfts are jwned together* 
and form the greateft f^ux and reflux. In the 
quadratures the fun raiies che water in the place 
where the moon dcpreJSes it, and the duxes and 
refluxes of the fea, which refuk from this dific^ 
rence, are the leaft that can happen in the couHie 
of a month, and bccaufc according to expe- 
rience the effeft of the moon is greater than that; 
of the fun, the greateft height of the fea muft 
happen at the third lunsr hour. He calls the ht- 
nar hour the 24th part of the time that the tnoon 
takes up in returning to the meridian of the facne 
place. 

Sir Ifaac Nekton alfo judges that the effefe of 
the fun and moon arc greater in their leaft diftances 
from the earth than in the greateft, and that in a 
triple ratio of the apparent diameters. That cork- 
fequently, all things bting equal, the fun being 
in the winter in \i^perigeum the tides mi>ft bea lii- 
tle greater than in fummeri and that the moon 
bemg in its perigmm^ the tides muft be greater 
than 1 5 days before or after, when it is in its aps" 
geum. 

He adds, that the effect of the fun and moon 
depends upon its declination or diftance from the 
equator. That if both thefe planets were in the 
diretftion of the pole, they would atiraft all the 
waters uniformly ; fo that there would not be any 

reciprocal 
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reciprocal motioa ; and therefore the fun and 
moon in receding from the equator towards the 
poles, !ofe by degrees their efFort* aod make che 
tides fmaller in the fyzygies of the Iblftices, than 
in thofe of the equinoxes -, but in the quadratures 
of the folftict's, the tides muft be greater than m 
the quadratures of the equinoxes, becaufe the 
effect of the moon which is then in the equator 
exceeds that of the fun. 

The greateft tides therefore happen itj the fyzy- 
gies, andthefmall in the quadratures which are 
about the time of the equinoxes, and the greateft 
tide of a fyzygy is followed by the leafl of a qua- 
drature, which he fays agrees with experience. It 
alfo proceeds from the diftance of the tun from 
the earth, which is lefs in winter than in the (um- 
mer, that the greateft and fmalleft: tides ofiener 
precede the vernal equinox than, follow itj and 
oftener follow the autumnal equinox than precede 
it. 

SirlfaacNswton finds afterwards, that the eff^fts 
of the fun and moon depend alfo upon the latitude 
of places -, thiit we may confider the fea as divided 
by the flux of the fea into two hemifpheroideSjOne 
of which is toward the north, and the other to- 
ward the fouth 1 that ti:^ tides of both thefe oppo- 
fite hemifpheroidcs pafs fuccefiively ihroughthe 
meridian of each place in 12 hours \ that the nor- 
thern countries partake more of the north tides, 
and the foutbern of the fouth tides % and there- 
fore, out of (he equator the tides of each day arc 
alternatively greater and fmaller. Tlie greatcit 
tides happen 3 hours after the moon's paflagc 
through the meridian, when this planet declines 
from ihe equino(5tial towards the zenith, and tlic 

moon 
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moon changing its declination the tides will be 
fmaller. 

The greatefl" difference between the tides of the 
iame day muft happen at the time of the folftices, 
efpecially, when the afcending node of the 
moon is at the beginning of juries. It is alfo 
found by experience, that in the winter the morn- 
ing tides are greater than the evening ones j and 
in the rummer, the evening tides are greater than 
the morning ones, at Plymeuib^ by about a foot, 
and at Erifiel 15 inches. 

The other opinions of philofophers concerning 
the caufe and cffe<5ts of the fluK and reflux of the 
iea,are almoft all raduced to thofe which I have juft 
related ; we have therefore thought it neceflary to 
examine what thofe are which agree with experi- 
ence, and which are thofe that are contrary 
thereto. 

As to what Poffidonius relates, hehas very well 
diftinguifhed the three motions of the tides which ^ 
follow the periods of the days, months, and years ; 
but he fuppofes that the tides are greater towards 
the folftices than toward the equinojces, which is 
not conformable to experience. Perhaps they 
had obferved the tides in the fummer foJftice when 
the moon was very near the earth, in which caie 
the fea muft have rifen to a great height, which 
had oi\fcn room to conjecture that the greatefl: 
tides always happen in the folilices, and the 
fmallcft in the equinoxes. In fbort, Si rah, who 
relates the opinion of PoJfidoniuSy fays, that this 
author having been at Cadiz^ in the temple of 
Hercules i about the fummer folftice, had not ob- 
ferved any extraordinary tides in the full moon, 
but that about the new moon in the river .ffj?//j, 
or ^adalquivn^ there happeried fo great an 
p 3 ' over- 
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overflowing of the wacers, that cbe leveJ of die 
ground of the lighr-houfc, and the rampart of the 
pon of Cadiz had beea covered to the height of 
JO cubits. 

Plifif5 opinion concerning the tides of the equi- 
noxes and folftices, fceois more agreeab/e to die 
obfervations, as he affirms, that the grcatcft tides 
happen in the equinoxes, and the fmaUeft in the 
folftices I but he advances thai the tides are yet 
greater in the autumnal equinox than in the ver- 
nal, which we have not been able to difcovcr hf 
the obrervattons. What is moll: remarkable is, 
that he has found that the tides are fmaller when 
the moon receeds from the earth, than when rt 
approaches k -, and its force afts nearer, wiitch 
agrees with our oblervations. He ahb ob&rves, 
that in the fpace of eight years, after roo revolu- 
tions of the moon, there arc the fame principles«f 
motion of the tides, and the fame augmentations 
obferved, which has a great dea! of relation to the 
motion of the moon's ap&gmm^ which in cighl 
or 9 years returns to the fame point'of the Zodiack 
after 1 1 8 revolutions of the moon, which we may 
confequenily take for the period of the principal 
inequalities that are obferved in the tides. He adds, 
Jaftiy, that the effefts produced by the motions 
of the celeftia! bodies are not fo foon felt upon the 
earth, as they are perceived by the eye, which 
agree? perfectly wiih our obJervations. *i 

With regard to Galileo^ who pretends that the 
principal caufe of the pbs^noinena obferved in the 
flux and refltix of the fca, muft be attributed to the 
motion of the earth, it would be difficult to recoil' 
cilc his opinion with the oblervations. He zWonn 
himfeJf, that according to his principles, there 
muft be only one flux and reflux in 24 hours, and 

that 
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that if it fometimcs happens oftener, it proceeds 
from feveral accidents, as the depth of the water, 
the dire^ions of the coafts of the fca, i^c. But 
if it was fo, hew fliould we be perfuaded that 
ihcfe accidental caufes, which vary in fo many 
difi5:rent manners, according to the different places, 
Ihould caufe fo regular an effe£t, that inftead of 
one flux and reflux in 2 4 hours, there ihould be 
two fluxes and refluxes in 24. hours, 48 minutes ? 
An efFcdt which is known to every body, and 
which we have obferved in all the ports of Francf, 
that are upon the ocean, where, notwithftanding 
liie various depth of the water, and the diff'erent 
-diredions of the coafls, the tide regularly cakes 
"Up 6 hours and about ^ in rifujg, and as much in 
falling. 

Befides the periods of the flux and reflux of the 
Tea, which we obferve every day, the caufe of 
which Galileo attributes to the motion of the earth, 
heflnds, that according to his fyftemj there ought 
to be in the tides a period regulated according to 
the revolution of the moon with regard to the 
lun ', *he earth having, as he conjeftures, a greater 
degree of velocity in the conjuntliions than in the 
oppofitions. To this may be anfwered, that thefe 
different degrees of velocity, which he attributes to 
the earth in the new and full moons^ were not 
•known till now by the aftronomers. But tho* this 
cflfe<5t, which perhaps is not fenfible enough to be 
obferved by agronomical obfervations, Ihould be 
enough to make an impreflion upon the fca as Ga- 
iileo fuppofeSj it would follow from thence that 
the tides which happen in the conjuntftions would 
be different from thofe obferved in the oppofi- 
tions, and that thofe of the quadratures would be 
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obferratJons by which it has been found, that the 
greateft tides happen equally in the coDJundHons 
and oppofitions where they are pretty uniform 1 
and that the imalJeft are obferved in the quadra- 
draturcs, where they are fubje£l to more irregula- 
rities. Nor does the reafon which Galileo relates 
for the annual periods of the tides feem to agree 
with the obfervations 5 for in the folllices, the 
daily motion of the earth being made in the fame 
direftion as the annual one, it would feem that 
the cotnpofition of ihefe two motions ihould cau& 
greater tides than in the equinoxes, where the di- 
reflions of both thefe motions are inclined to one 
another j and yet on the contrary we obferve, that 
the tides are greater in the eqninoxes than in chc 
Jblftices. 

The different degrees of velocity of the annual 
motion of the earth when it is in its Perihelion^ or 
Apbelfon, muft alfo caufe according to this opi- 
nion, a very great alteration in the tides 1 ncver- 
ihelefs we do not obferve any confiderable varia- 
tion in the tides of the winter folftice, when the 
earth moves with more velocity than in the fam- 
ine r folftice, when it moves flower. 

Defiarlei's opinion concerning thecaule of the 
flux and reflux of the fca fcems more agreeable to 
our obfervations ; for it is eafy to imagine, that 
all the celelli.il bodies making by their motion 
fome impreffion upon one another, the earth h 
obliged to give way on the oppofite fide to the 
moon i fo that the waters of the lea are com- 
prefled according to the direclion of the moon to 
the earth, and forced to flow back on both fides 
to the diftance of 90 degrees, which makes the 
hfgh tide. 
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The reafon which he gives why the tides are great- 
er in the fyzygles than in the quadratures, is a con- 
sequence of his fyftem, in which he fuppofes, that 
the leffer axis of the vortex of the earth, which is 
elliptical, is always pointed toward the funi fo that 
the moon is nearer the earth in the fyzygies than 
in the quadratures. But this does not always agree 
widi tke aftronomlcal obfervations j for it is true, 
that the moon being in the fyzygies, and at the 
iame time in its pengeum, is nearer the earth than 
in any other phafe ; but we cannot conclude from 
hence, that the Jelfer axis of the vortex of the earth 
which Ciarries the moon, is always dire6ted to- 
ward the fun ; for it often happens that the moon 
is nearer the earth in the quadratures than in the 
fyzygies j and yet we always obferve, that in the 
quadratures the tides are lefs than in the fyzy- 
gies. 

We cannot therefore attribute the caufe of the 
great tides in the new and full moons to the prox- 
imity of the moon to the earth, and that of the 
fmall tides in the quadratures to its diftance ; and 
this has given us room to conjefture that the fan 
as well as the moon concurs in producing the 
height of the tides, altho' its eflfecl was not fo 
confiderable as that of the moon ; that in 
the fyzygies both thefe caufes afling accord- 
ing to the fame direction, die tides muft be 
greater than toward the quadratures when the 
fun afted in a diredlion perpendicuJar to that of 
.the moon. 

S': Kepkr, and after him Sir Ifmt Newion, have 
judged, that the fun as well as the moon contri- 
batcs to the height of the tides, with this diffe- 
rence, that as we fuppofe the tides are produced 
by the prefTure of the \\v\ and rnoon upon the ce- 
X X 2 leftial 
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leftial matter which furrounds the earth, they have 
attributed thisefifeft to the bodies of the fun ami 
moofijwhich attraft the waters of the fea by a ver- 
nie almoft hke that of the loadftone. Thefe 
two hypothefes, tho* very different in their prin^ 
ciples, fecm to be equally able to give a reafon 
for alt the fh^mmina which are obferved in the 
tides. It is cruc, that according to the fyflem of 
the prcflure, the fea muft be low in the places 
where it fhould be high accordiiig to the fyftem of 
theattradion j but as in the new and fiilJ moons 
the high-water happens in feveral places at diffe- 
rent hours of the day, before and after noon, it 
is not cafy to determine to which of thele caufes 
we ought to attribute the fiux and reflux of the 
fea. It is therefore more proper before we em- 
brace any fyftcm to be affured of a great number 
of obfervations, which we have hitherto done, and 
have had an opportunity of continuing by a new 
journal of obfervatioos upon the tides made at 
Brsjh during the years 1712, and 1713. 

This journal be|2,ins the igih of July, 171 z, 
where the preceding had Hniflied, and has been 
continued to March 1713- 

In this interval, which is about nine months, 
they have obferved the tides of 1 8 both new and 
full moons, among which are found thole of the 
autumnal equinox, the winter Iblftice, and the 
vernal equinox. 

The tide which happened the fooneft was ob- 
ferved Fib. Z4, 1713, at 3 hours, 6 minutes, in 
ihe morning, the new moon being marked that 
day in the Connoiffame des Temps ^ at 1 o hours, 
50 mtnuies, at night. That which happened the 
iHicft was obferved Dec. 13, at 4 hours, 27 mi- 
nuEes, f, the full moon iieing marked that &<iy at 
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I hour, 3 minutes, in the morning. The diflfc- 
rcnce between thcfe two obfer^^atians, which is i 
hoar, 24 minutes f, may be prtJy corrcdcd, 
by fuppofing as in the preceding memoirs, the 
mean time of the full moon at Brejl, at 3 hours, 
45 minutes, and making ufe of the common equa- 
tion of 2 minutes for an hour, which muft be 
added to the mean time, or fubtraft from it, ac-* 
cording as it retards or anttcf pates with regard to 
the time of the new or full moon. For we fliall 
find, that the 24Eh of Ftf^. 1713, the day of the 
new moon, and of the greateft acceleration of the 
tide, the high tide ought to have happened at 3 
hours, 7 minutes, within a minute near what it 
was obferved at i and that the 13th of Dec, the 
day of the full moon, and of the greateft retarda- 
tion, the height of the tide ought to have hap* 
pened at t hour, 14 minutes {-, within near 12 
minutes ^, of what was obferved. 

The obfervation of the 24th of Fihruary is 
marked for the greaEeft acceleration in the fpace 
of almoft two ye;irs» and isdiftantfrom the mean 
time of the high tide 59 minutes, which by the c- 
quation prefcribed, are reduced to one minute i 
and the obfervation oi December 1 3, is th.it wiiere 
the greacefl retardation was found in the fame fpacc 
of time, and is 42 minutes diltantffom the mean 
time, which by our equ.uion are reduced to 1 2' |, 
which fhews the neceflity ofufing this equation, 
and the advantage that may be drawn from it, tor 
knowing more certainly the time of high-water, 
the days of the new and full moon. 

As to the time of high-water in the quadratures, 
it is fubjecl to great inequalities, which however 
win be partly corrected, by fuppofing the mean 
lime of the high tide zxBreft^ on the day of the 

qud- 
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quadratures* at S'' 57' as has been done aJready, 
and ufing the common equation of 2' \ in an hour 
inftcadofthatofz', which we fuppofe in the new 
and full moons^ 

They have been obliged in the quadratures to 
make ufe of this horary equation of two minutes 
and a half, becaufe they have obferved, that one 
day wkh another, the tides retard much more to- 
ward the quadratures, than cov/ard the new and 
full moons j and for this reafon 

In the new and full moons, the preflTure is great- 
er than toward the quadratures, and confequenily 
the effeff, produced upon the waters of the ocean 
which are in the high water, take up lefs time to 
communicate themfelves towards the coafts, than 
in the quadratures where the preiTure of the moon 
being much lefs, its effort employs much more 
time to communicate itfelf toward the coafts, and 
caufes a retardation in the tides, which makes ao 
cffedtlike the waves of the fea, which are great- 
er, and acquire a greater velocity, the greater the 
force is which afts them. 

We have already obferved, that the fca takes 
up more time in falling than in rifing. This is 
confirmed by thefe new obfervations \ and it 
feems, that we might attribute the caufe of it to 
this \ that the effort which oblfges the waters to 
rife, drives them with violence, and confequently 
with a great deal of velocity toward the coafts, from 
whence they afterwards retire by their own weight 
WJEh kfs velocity than they were raifed. 

With regard to the tides which happen twice 
in the fame day, every twelve hours, tliey muft 
continually chunge in height, fincc in each month 
they are greatdl one or two days after the new 
and full moons \ that they afterwards dimtnt(h 

coniinuaiiy 
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cotitinuaJIy till a day or two after the qiiadratures ; 
that they afterwards rife again, and {o on fuc- 
ceffively ; but JKfides this inequality of height, 
which they have obferved at all times, it alfo 
meets with others. For we often obfcrve, that 
from the quadratures to the new and full moons, 
the evening tide which ought to be greater than 
that of the morning, becaufc the tides increafe 
from day to day, is however fometimes feveral 
inches lefs in the morning than at night; and on 
the contrary, in other circumftances, from the 
new and full moons to the quadratures, they 
find the evening tide greater than that of the 
morning, tho* it ought to be lefs, becaufe the 
tides from one day to another continually di- 
minilh. 

This inequality of height in the tides has been, 
by Sir Ifaae Neiniion^s account, obferved at Ply- 
mouthi and at Brijlol, by Mefl", Coleprefs and Siur- 
miuSf who have obferved that in the winter, the 
morning tide was greater than the evening one ; 
and that In the fummer, it was Jcfs than the 
evening one. 

Perhaps they made thele obfervations about 
the new and full moons which happen near the 
fol dices, when there is in eife£t, almoft always 
this variety of height in the tides which fucceed 
one another every twelve hours. 

For example, the 19th of yum, i/'i2, the 
day of the full moon, the morning tide was 
obferved at Bre0 17 feet i inch, lefs by a foot 
and an inch than that of the evening, which 
was found to be 18 feet 2 inches. 

The idofjuly^ the day after the new moon, 
the morning tide was obferved 14, feet 10 inches 
5 lines, leis by 9 inches 2 lines than that of the 
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evening, which was found to be 15 feet, 7 InctwA 
8 lines. 

On the contrary, the 13th o^ December 1712, 
the day of the full moon, the morning tide was 
obferved to be 16 feet 7 itwrhcs, grc-ater by 4 
inches 4 lines* than that of the evening, which 
was found to be 16 feet % inches and 8 lines. 

The 29th of ihe Time month, the day of the new 
moon, the morning tide was obferved to be 18 
feet 10 inches, greater by 7 inches than that 
of the evening, which was 18 feet 3 inches. 

It appears therefore, by thefe obfer vat ions, n 
by many others, which would be coo Jong to 
relate, that about the new and full moons, the 
fummer tides are left in the morning than at 
night i and the winter tides are lefs at night 
«han in tJie morning, which may eafily ht ac- 
counted for, if we fuppofe, conformable to our 
fiypothefes, that the tides are almoft of equal 
height in the parts of the earth diredly oppofite 
CO one another. 

In fummer, in the new moon, this planet padei 
about noon with the fun through our meridian, 
with a northern declination, and confequently its 
greateft force muft be fek in the northern coun- 
tries of our hemifpherc, and in the fouthern coun- 
tries of the other hemifphere, which are dircdiy 
oppofite to us. About twelve hours after, toward 
midnight, the moon pafies throngh the meridisn 
in the oppofite hemifphere, with a like declination; 
and confequently its greateft force muft he. percei- 
ved in the northern countries of the other hemi- 
fphere, and in the fouthern countries of our 
hemifphere, which are direftly oppofite to it : 
the effort or prelTure of the moon in thefum* 
mer new moons, is therefore greater at noon in 
3 the 
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the northern countries, where we live, than in the 
fouthern countries ; and on the contrary, this preP 
fure is greater at midnight in the fouthern than 
in the northern countries j . from, whence it foi^. 
lows, that the heigiit of the tide being proportioned 
to the different efforts or prcfiTures of the moon, 
the evening tide immediately after noon rnuft be 
greater rntbe new moons of the fiimmsr, than 
the tide which happens after miidnighE. 

In the iuW moons which happen a! To in the 
feme fcafon, thc' moon paiTeS over our meridian 
at midnight, with- a fouthern declination, and 
confequently the morning tide, which immediately 
follows, muft be lels than that of the afternoon, 
the moon paffing ac noon over the meridian of 
a place which has the northern part of ilie earth 
for its oppofite, where the greateit evening tide 
muft happen. 

On the contrary, in the winter new moons, this 
planet paffes with the fun through the meridian 
with a fouthern declination, and confequently: the 
prcflbre which itoccafionsin the northern countries' 
jnuft not be then fo great as thofe which it 
produces in the fouthern- couatries, and the evening 
tide, which immediately follows, muft be h^s than 
(hat of the morning, the moon paffing ac mid- 
night through the meridian of a place, which 
has its oppofite in the northern part of the earth, • 
in^here the greateft morning tide muft happen. In 
the winter full moons, the moon paflfcs at mjd- 
ji^ht through the meridian with a nordiern decli- 
nation,- and confcquendy the morning- tide whithf 
follows immediately, muft be greater than that of 
the evening, the moon palftng at noon through 
the meridian of a place which Jias its oppo- 
fite in the fouthern; part of the earih| where th; 
greateft evening tide muft happen. 

VoL.IV. N^. 43. Yy It 
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It appears therefore by this reafoning, chat jji 
the new and full moonSf the funiitier tkks mtiSt 
be kfs in the morning thanatni^U} and that 
the greateft: tide mud happen at nighc. That 
on the contrary, in ihe winter, the tides are lefs at 
night than in the morning i and that the greatefl; 
tide muft happen in the morning. 

We obferve only that tlie difference of height 
between the morning tide, and evening tide, a 
greater in Ibmmer than in winter i which muft in 
effe6t happen, becaufe the evening tides, which in 
fummer are greater than thofe of the morning, by 
the reafons juft related, are alfo increafcd in heigbc 
by the augmentation wlilch is made in the lidea 
every twelve hours, from one or two days af- 
ter the quadratures, to one or two days after 
the new or full moon j whereas in winter, the 
evening tide, which is lefs than the moroing one^. 
is incrcafed in height, becaufe the tides which in- 
creafe in the new and full moons, are greater at 
night than in the morning ; which caules a lefs 
difference in the height of the tides of the (amc 
day in winter than in fummer. 

There are therefore two caufes, which concur ro 
the variation of height which is obferved in the 
tide, which happen in one day every twelve hoursj 
one, which is produced by the continual augmen- 
tation or diminution which happen between the 
new and full moons, and the quadratures j And 
the other, which we muft attribute to the diifc* 
rent height of the moon upon the horizoo ; ac 
cording to which its declination is more to tl 
north or fouth. This laft caufe commonly pre 
vails above the other; when the moon is in tl 
northern or fouthern figns, but it is hardly £n^ 
(ibk in the ntw or full moons of the equinox, 

when 
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when the moon pafles through the meridian with 
very litcie declination. 

This augmentation or diminution in the tidei 
every twelve hours, as we have juft obfervcd in 
tfie new and fiill moons which happen about the 
folfticeSj muft be obfcrved alfo in the quadra- 
tures which happen about the equinoxes. 

In the vernal equinox, tha moon is in its firft 
((uarter in the northern figns, and pafles through 
the meridian at fix at night, with a northern de- 
cfi nation, and confequcntly the evening tide, which 
follows its paffage through the meridian, muft be 
greater than that of the iDorning. In the third 
quarter, the moon paiTes through at 6 in the morn^ 
ing, with a fouthern declination, and coniequently 
the morning tide muft be lefs than the evening one. 
Thus in the quadratures, which happen about the 
vernal equinox, the tides are kfs in the morn- 
ing than at night, and the leaft muft happen in the 
BiOrning. 

On th^ contrary, about the autumnal equinojtj 
the moon in its firft quarter is in the foui hern figns, 
ztid pafles through the meridian at fix at night. 
With a foot hern declination, and conrc;qucntly the 
evening tide, which follows its paflage through the 
meridian, muft be Jefs than that of the morn- 
ing. In the third quarter, the moon pafies through 
the meridian at 6 in the morning, with a northern 
decJination, and confequently the morning tide, 
which follows its paflage through the meridian^ 
mnft be greater than that of the evening. 

Thus in the quadratures which happen aboirf 
the autumnal equinox, the morning tides 3r<* 
grrater than thofe of the evening, and the 
leaft tides muft happen in the evening. 

This rcafoning agrees pretty well with the 

obfervationa for the 6th of September 17111 
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the day of the leaft ucic of the aonsiviiJ^qffi* 
nox, the evening tide was isblerred id be 10 
feec $ inches, left by 7 inches than the mom- 
rng tide which was 10 fcec 10 iocbes. The 
ajd oi Septemkr 1712, the day of the kaft 
lide of the autumnal equinojc, the rvcniiig 
tide was allb obferv^d to be tea feet eigbc 
inches four lioes, ki$ by nioe sncbes eigbc 
lines, than the tnoming tide which was c]evc& 
Icct 6 inchc?. 

On the contrary, the r6th of Af^rch 17 12, 
the day of the leafl: tide of tlit vernal oqta- 
nox, the motning tide was obltrved to be fO 
fecc 10 inches, Icfs by 3 inches tkui that <^ 
the evening i and the ^oth of At^-ib 1713, 
the day of the Jeaft tide of the laft qiiattefp 
the morning; tide was obierved at it ieec 
7 inches, lei's by nine iach^ than that of the 
evening. 

We have obferved in the preceding memoirs, 
that the v;irious dillances ot the tnoon. fronn the 
earth caufe a very great variety in the height of 
the tides. This is confirmed by thetc Ult obfer- 
vations, for the aSrh of Dec. 1712, the day of 
the fuSl moon, the diftance of this planet from the 
earth, being g^6 parts, the radius of which is 
1 ,000 i th^c is 10 lay, the moon being very near 
its perigeum, they obferved, Dec. the 30th, in the 
jTJorning, the day of the greateft tide, the height 
pf the tuH fca 10 be 19 het, 2 incht-s, above the 
fixed point, and that of the low- water to be 1 
foof, y inches, below this point, fo that the fea 
had rifen that day to the height of 20 feet, jo 
inches. 

The I ith of Jan, following, the day of the fti]J 
inoon, this planet's diftance trom the earth being 
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1064, that is the moon being very near its apa- 
geumy they obferved the 15th q^ Jan, m the 
morning, the day qf the greateft tide, the height 
of the full Tea to be 17 feet, 5 inches*, and that of 
the next low- water to be i foot j fo that the fe^ 
had only rifen 16 feet, 5 ijiches, that day, lefs by 
4 feet, 5 inches, than in the preceding obfervation 
when ihc moon was near its perigeum. 

It muft be obferved, that in the new moon 
perigeum of the aSth o^Dec. 1712, its declination 
iwas 23 degrees to the foutb, very diftant from 
the equinoctial, and confequently its prefllire upon 
the earth mud not be fo great as when the moon 
being almoll a£ equal diftance from the earth, 13 
at the fame time nearer the equator. 

In cffe<S we iind, that the a 4th of Feb. 171^, 
the day of the new moon, its diftance from tlie 
earth being 953, that is, near its ^^riffawi, and 
its declination 5 degrees fouth near the equator, 
the height of the full fea wa? obferved Feb. 26, in 
the morning to be 2 1 feet, 2 inches, which is the 
greateft height that they have obferved at Brefi in 
!}imoft two year?. The low-water following was 
qblerved to be i foot, 3 inches, below the fixed 
point, fo that the tide rofe that day to the height 
of 22 feet, 5 inches. 

The i2tb of iWidrc^ following, the day of the 
full moon, its diftance from the earth being 
(,032, pretty near its apogeum^ and irs fouth- 
ern declination one degree, that is, near the equa- 
tor. They obferved the 1 3th ot March following, 
the day of the greateft tide, the height of the full 
fea to be iS feet, 2 inches, and that of the low- 
water o feet, o inches ; fo that the elevation of 
the fea that day was only 1 8 fcet» 2 inches, left 
by 4 feet, 3 inches» than in the preceding obfer- 

vation. 
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vation, when the moon was near it« jfsrig^tm, fjii? 
* foot, 9 inelies, gredter than in the obfervation 
of 7<*r/. II, 1715, before related^ when the mQOn 
being near its apogeum^ its nOTthern declination 
was 20*'- 

As to the fmall tides which follew the quadra- 
tures, we find alfo by thefe iafl: obfervations that 
their heights are proportioned to the different dif- 
(ances of the moon from tlie eartli. For exam- 
ple, Sept. 29, 1 712, the day of the leaft tide 
•*i\iic\\ followed the 3d quarter, the moon's diftance 
from the earth being i,o6j very near its ^/liT^MW, 
the height of the full fea at night was obferved ro 
be 10 feet, 8 inches, 8 lines, and that of iow- 
water 5 feet, 10 inches, fo that the fea rofe that 
(day only 4 feet, lo inches, S lines. The 7th of 
0^, following, the day of the kaft tide which 
followed the i ft quarter, the moon*s diftance from 
the eanh being 976 near its perigeum^ the heighc 
of the full fca was obferved at night to be j 2 feet, 
10 inches, ^nd that of the morning 3 feet, 6 
inches, fo that the elevation of the tide was that 
day 9 feef, 4 inches, greater by 4 feet, 5 inches, 
4 lines, than in the preceding obfervation, when 
the moon was near its apsgeum. 

The moon's northern declination was Sept, 2 2, 
1712, the day of the iaft quarter, 24" f, and 
confequently the fmalleft tide following muft be 
vtry low as was obferved, having been tbund the 
.2^dat night to be 10 feet, % inches, 8 lines, \c\x. 
tt by 2 feet, than the 26th of Dec. when thrc . ti- 
rancc of the moon from the eanh being 1,036 near 
the apo^eum, and its fouthern declination 5 de- 
grees, the height of the tide was found to be i J 
iter, 8 inches, 8 lines, 
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Befides the variations in the height of the tides 
which refult from the different diftances of the 
moon from the earth, and its different dedinatioa 
with regard to the equinoftiaJ, there muft alfo 
according to our hypothecs be fome that are 
caufed by the different diftance of the fun from 
the earth, and by its different declination, we 
have already obferved that the tides of the new 
and full raooDs were greater than toward the equi- 
noxes, when the fun has no declination, than to^ 
ward the folftrces, when it has 2 3 degrees, agf 
minutes, and it is probable that the fun which is 
then in conjunction, and in oppofition with the 
moon, concurs with it to the diifefcnt heights which 
are obferved. 

With regard to the diftance of the fun from the 
earth, as it is lefe about the winter falftice when the 
fun is juft at its perigeum, than at the fumn^er 
folftice when it is near its apsgeum, the tides muft 
be greater in winter than in funamer, all things 
being equal, as in effe6it it is obferved. For July 
30, 171 1, the day of the full moon, ics diftance 
from the earth being 960, and its declination 25 
degrees, 29 minutes, the fun bsing alfo in its apo- 
geum^ they obferved Juiy i ft at night the heio-ht 
of the greateft tide to be if feet 1 o inches. The 
Sth Qiyanuarjfo\]ow'mg,tht day of the new moon 
the moon's diftance from the earth being 951, 
and its declination 23 degrees, almoft the fame as 
the 30th of July, the fan being then near its p^ri- 
^eusit they obferved January loth in the morn- 
ing, the height of the greateft dde to be 19 feet 
10 inches, higher by 2 feet than in the preceding 
obfervation, when the fun was in its npagmm. 
The i9thof7««tf following, the moon's diftance 
from the earth being 936, and its fouthern decli- 
nation 24 degrees 50 minutes, the fun being then 
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near its apogium^ the height of the greateft tide 
was obferved June a i at night» to be 1 8 feet 4 
inches, lefs by r foot 6 inches than in the preceding 
obfervation. La(tly, die 28th of December T712, 
the fun being in its perigeumy the rnoon*s diflance 
from the earth being 936^ and its fouthern decli- 
nation 23 degrees, the height of the grcac^ 
tide was obferv^ed the 30th of December to be 151 
feet 2 inches, greater by 10 inches than the 19th 
of Junci, when the fun was near its apogeum^ and 
the moon at almoft cqaal diftance from the earth. 
It rcfuks therefore from thefe obfervation?, that 
there are four cauies which contribute to the dif- 
ferent heights that are obferved in the tides. The 
firft depends upon the different fituations of the 
moon, with regard to the fun» and produces the 
variations that are obferved in the height of the 
tidesj from the new and full moons to the qua- 
dratures. The fircond is produced by the difieitnt 
diftances of the moon ilrom the earthj the tides bo* 
ing greater, .when the moon is near mperigeim, 
than when it is near its apogeitm. The third ispro- 
duccd alfo by the different diftanccs of the fun 
ftom the earth, the tides being greater when rise 
fua is in izsap&giumy than when it is in its pe^ 
rigeum, Laftly, the fourth depends on the dif- 
tance of the moon from the equir.o<5tJal, the tide 
being lefs whpn the moon has a great declination 
than when it is near the equator, Thislaftcaufe 
produces alfo the variaiions ihat are obferved in 
the tides which happen tn the fame day. Thefe va- 
riations miift be perceived differently in diUtrenc 
parts of iheearih; they muft be null in the coun- 
tries that are under the cquinodial line \ but they 
ate very fenfibJe in the northern and fouthern coun- 
tries, according as the dccUnaiion ofrhc moonis 
more 10 the north or fouth* 
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Vll. Adejcription of a portable machine ^pro' 
per to fupport the glajfes of'uery great foci j 
prefented to the academy by M. Bi'anchini, 
by M. de Reaumur*. 

The nurtiber of obfervations, with' ivhich M. 
Biancbini has enriched our memoirs, have llifficient- 
Jy informed the publick of his ability and attert- 
cion in obferving the heavens i but his zeal for af- 
tronomy does not end there, for knowing better 
than any body how far this fciencc has been carried 
fince they have known how to work the great 
glaflcs, he has thought of rendering theufe of them 
cafy. Meff. Hiiygens and CaJJini did a gr*eat deal 
in fliewing us that we might ufe glafles with great- 
er foci without tubes j this was removing a con- 
fiderabie difficulty by informing us that we mighc 
do without inftruments, which it was almoft im- 
po0ib]e to conftrutft, and which it was not eafy to 
iliakc ufe of, Notwichftandingthis fine difcovery* 
there fVill remained many difficulties: for placing 
thefe glafles, there muft be wooden towers ere^ed 
fuch as there is in the obfervarory ; or fevera! fo- 
Jid beams raifed upon the ground: it mcft har<; 
lai^e fpaces of ground 5 and befides all rhtic: incon- 
venienccsj it was neceffary to employ feveral per- 
fons and different machines to change the direftion 
of the obje<!rt-gIafs, according as th'e ftar ihould 
change its place ; the expehces which this required 
ufrere above the fortune and zeal of many private 
perfons. 

This made M. Bianchim think that nothing 
ii<rouId be more proper to multiply the number of 
obfervations, or which is the fame thing, to perfeift 
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aftronomy, than a cnacbioe which Ivad the follow- 
ing qualiii^: ift, cKac it Oiould iuiliam the objeft 
gjais very high, altho' light, ad, that the heighc 
might be eafily altered according to the dlflfcrent 
elevations of ihe planets above the horizon. 3d, 
that it ihould be iblid and firin, without its being 
neceflary to make ufe of nails to fix it* or finking 
beams into the eanh. From the preceding qua- 
]jtics it was alfo elleDtial that there fhould lerulc 
two others ; that the whole machine might be 
eafily carried about, and colt but Itale. 

He fought for this machine, which did not ap- 
pear cafy to be found, anddefired M. ChtariUi^ a 
priell of Vincmtia, famous in Italy for opcioil 
works, to feck for it in concert with him ', Galileg^ 
who has done fo much for the fciences, was alio 
of fervice to them on this occafion. M. Bianebini 
knowing what this celebrated author has demonf- 
trated upon ths force of a hollow cylinder, did not 
doubt but that he might contrive a fupporc for the 
obje<S glafs high, folid, and at the fame time light, 
by maliiing ufe of hollow cylinderSj that is, by 
cauling tubes of different diameters to be made 
which ihould flitit into one anotlier like thofe of 
the telefcopes i the ufe of teJefcopes fo familiar to 
M. Biamhani had condu<fled him fo far. He bad 
already a fupport high, hght, and of which the 
height might eafily be varied i two of the quali- 
ties elTcntial 10 tlie machine fought for : there on- 
ly remained to find a folid and convenient man- 
ner of railing this high fupport perpendicular to 
the furface of the earth. This is what M. Cbi&rdU 
has very ingeniouQy executed, and has given the 
machine all the advantage we could wilh, as will 
be it^n by the defcriptioo that we are going togiv* 
of itr 
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A hexagonal tube * AB about four feet and 
a half high, ferves fometimes for a caft and fome- 
times for a bafe or fupport to fix other cubes : 
The breadth of each of the faces of this great tube 
is pretty near two inches and fi iciscompofed 
of fix fmaJl planks either glued or nailed tc^ether ; 
the perfedion of the machine confifts in thefe planks 
being thin and of a light wood. 

The fecond tube BC is only different from the 
fir ft in its fize ; it niutt enter conveniently into 
the other but not wave in it, it is longer than that 
which receives it, tho* its diameter Is left, by 
which means it may moreeafily be taken out, or 
-which is liill better the upper end of each tube has 
a little rim, a fort of iittle collar, which can not 
enter into the tube that ferves for a cafe to it ; 
in the fecond tube there is inciofcd a third tube 
CD, in the fame manner as the fecond is inclofed 
in the firft, and fo on. 

Thjt the tube which ferves fometimes for a bafe 
and fometimes for a cafe to all the reft may be fup- 
ported perpendicularly to the horizon, there are 
three feet HHH, which like three buttrefles make 
an acute angle with the horizon, and are fupported 
againft three of the faces of the tube. The 
manner in which the feet faltutn it is very inge- 
nious ; a little hexagonal tube I, which is only a 
few inches high, like a fort of ring furrounds pare 
of the great tub;: between its aperture and the 
middle i it can rife or fall freely, but is always 
pretty near within the bounds that we have given 
it i lor the more convenient explaining ourfclvcs 
we fhall call it a ring. 

Tothis ring are fattened with hinges three wood- 
en tringles HHH j thefe tringles are equal be- 
tween tlirmfclves, and of the lame length with 
• Plate 6, Fig. 15 

Zz a the 
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the great tube or a liirle longer ; each of them aic 
faftened over agiiinft a different faces their breadth 
js alfo almoft equal to that ot one of the 
*^aces of the fanie tube. Thefe three tringlcs 
are the thr^e feet of the machine: as they are 
hdd by hinges; it iseafily imagined that by p!ac- 
ijog the ring, to which they are joined, between 
the middle and the upper end of the great tube, 
•and' giving it an almoft equal inclination, they 
ti'uppofc the great tube on three fides, and hold 
;i:.in a vertical pofiuon, 

• But as there might be fome darger oF one of 
■the feet flippingj this has been remedied by failen- 
. jng with a hinge to the extremiiy uf each foot a Jit- 
.tle tringle KKK of the fame breadth with the foor, 
,ixnd as Jong as | or thereabout of the gre-ic tube-, 
•this tringJe is joined aifo by irs other extremity 

with a ring L, like thacto which the feet are faf- 
tened i it is needlefs to fay that diis fecond ring 

• ajfo furrounds the great tube, that it rifes and falls 
freely, and that it is placed near the lower end of 

■ the tube, when we would raife the machine per* 
; pendicularly ; Ir is evident that in this Jaft difpo- 

Jicion the three lower trirgks hinder the three 

: feet from parting. 

The manner in which thefe feet and tha trin- 
ities which hold them are joined together, ihew 

.that if we raifc the upper and lower ring along 

■ the great tube, we a: the Hi me time oblige the 
; feet and the trmglcs to lay upon the tube, the 
, whole machine then takes up little room, as ap- 
. pears in the figure MILNN, and is fo light that 

a man may conveniently carry it under one 
arm. 

When we would make u(c of it, we begin by 
laying if upon the ground, or putting it in 
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a very inclined pofitioni we then draw each tube 
out of the cafe that holds ic as far as is thought 
ncceiTary, and keep ic in the place where we would 
have it remain in a manner equally plain and con- 
venient ; for this purpofe M. Btanchini has thought 
of making ufc of very thin wedges of wood, 
thefe wedges arc cafdy taken out and as eafily put 
in again ^ the advantage of this is that we may 
raile or lower the machine when it is prepared, 
according as the elevation of the ftar requires ; 
as it is light there is eot much difficulty to 
put it in a vertical pofitioD, and to keep it 
in that pofition we need only unfold the feet. 

Ic might perhaps be feared that its lightneft 
would diminiOi its fteadinefs, and this would 
be a well grounded fear, if we could not ea- 
fily remedy this inconvenience. In ail places 
where ftones arc found, it is cafy to give the 
machine all neceiTary fteadinefs i by putting fome 
upon the tringlea or traverfes which hold the 
feec, thus we load it with weights that we are not 
obliged CO carry about. 

That the greac tube which lerves for a bale to 
all the rcftj may keep fteady in the two rings 
that flip pore it, it is ncccflary to pierce three holes 
in the thicknefsof the upper ring j putting a fcrew 
in each holej and we need only fcrew them to ad- 
juft the tube. 

If we apprehend that the point of the fcrews 
may in time pierce the wood of the tube, we may 
cover iliis tube with a band of very thin iron or 
copper, in the phice where the ring turns when 
the machine is raiftd. By making a lirde notch 
quite round it, we may there fix the band, and it 
will not nip above the reft of the tube. 

It is proper alfo to make a rim at the lower ex- 
tremity of this great tube, or to drive fonie nails 

into 
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into it, to prevent the lower ring frnm flipping off 
tilc tube when the machine is carried frdm one 
place to another ready moimred. 

We fluil not ftay to explain at length how the 
Otge^ glafs is placed at the top of this machine, St 
may be done different ways-, but chat ot" M,^/- 
^ncbini is convenient. This objeft glafs is gend- 
rally lodged in a cylindrical lube O, which h not 
above 7 or 8 inches long \ but this tube has a fort 
of tail P above afoot long. This tail is only a 
wooden gutter ; a fort of tenon Q^of tbin wood 
is glued agiinlt the outer fur face ot the tube, to- 
ward, the middle of the length of this tube there is a 
hole in this tenon ; another tenon of wood iike the 
former is fee at 7 or 8 inches dirtance» and is 
glued under the tail P of the tube. 

Inthe laft of the hexagonal tubes of the ma- 
chioe, there is put & piece of wood in which is cut 
a vertical notch ; this noth receives the firft of the 
two tenons that are fattened to the tube of the ob- 
je6t glafs ; this tenon is held by the means of a 
fcrew. 

c; To the fecondof the pieces that is fixed to the 
tube, or rather to the tail of the tube of the 
objedk gLits, is fattened a fmall packthread. 
This packthread is at ieaft as long as the focus of 
the gla fifes ; it ferves to mark the diftance that the 
pye-glafs mud be fixed at. 

This eye-g!;its is in 3 tube V, like that of the 
obje6t- glafs, I mean that has a fort of gutter which 
makes, it a tail X, under this tail the fecond end 
of the packthread Y is faftened. 

To iuftain the tube of the cyc-gl:iJs, M. Bhn- 
ibini mikes ufe al(b of a fupport Za compoft»J of 
tubes that fhut into one another. He has made 
thefe fquare, and might have mad? them of any 

mijcr 
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other figure, for that is very arbitrary » and there 
does not feem to be any eflential reafon for making 
the tubes that fcrve for a fupport to the objeft 
glafs of a hexagonal figure rather than any 
other. 

The fupport of the eye-glafe is compofed of 
three tubes ; the laft, that is to fay the lowermoft 
<j, is terminated by a notch s in this notch there 
is put a little plank, b^ and this plank is heJd in 
the notch by a fcrew : the chickncfs of this plank 
ferves for a foot to the fupport of the eye-gfafs ; 
this is not a very folid foot, it is however a reft, 
becaufe this fupport is put in an inclined pofition, 
in fuch a manner that it makes an obtufe angle 
with that part of the horizon that is between it and 
the fupport of the objett-glafs. The packthread, 
one end of which is fattened to the tube of the ob- 
jeft-glafs, and the other end to the tube of the 
eye-glafsj holds the fupport of the eye*glala in this 
ntu:ition. 

As to the reft, it is eafy to fee of wh:it height 
all the tubes together of this laft fupport otighc tty 
be: it muft be fuch that a man ftanding upright, 
or fetting, may apply his eye near the glafs, 

All tKe glaffes with their tubes, and the fupport 
q\ the objed-glafs, may be incloied in a fmall and 
light box; fo that the fame man, who under one 
arm carries the fupport of the objeft-glals, may 
with the other, carry the box that holds ail the rclt 
of the apparatus: thus an obferver who has 
not near him ground enough, or ground proper 
for oblerving, carries when he pleafes into the 
fields what h necelfiry for it, he is in a ftatc of 
ehufing the moft convenient grounds for his ob- 
fervatory ; he may do it alone ; but it is however' 
right to have a pcrlbn with hitn to deprefs or elc- 
raie fome of the tubes of the great fupport, ac- 
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cording as the ftar afcends or defcends, chough m 
cale of ncceffity he might do the whole alone 

A high wind would noc be a favourable time 
to obferve with this machine -, the wind however 
makes lefs jmpreflion oh it rhaii one would ima- 
gine. 

VIII. A biflory of an extraordinary Jleeping^ 
by M, Imbert. 

Sleep is the moft melancholy and humbling 
ftate of mam in health it has bounds chat nature 
has the art of prolonging often by habit» or con- 
ftitution. Among animals, the dormoufe, and 
marmottee, fleep fix months in the year without 
awaking. A fleeper of this fort is a rare example^ 
the hlftory of which has feemed to me to be wor- 
thy of the enquiry of a philofopher chat is a cu- 
rious obferver. 

A man of about 45 years of age, of a dry and 
robuft conftitution, whofe name was Tally^ who 
drove the Rauett coach, and was a carpenter by 
trade, fell into the diforder I am fpeaking of by 
the following accident. He had quarreled with 
» carpenter for whom he had worked i they 
were parted juft as they were going to fight, and 
each went his own way. A little while after, our 
fick perfon heard that his adverfary had fallen 
from a building, and was killed. This fatal 
news feized him, he threw himfelf with his face 
upon the ground, and his fpirics and fen fes grew 
drowfy infenfibly. The 26di q^ Jpril 1713, he 
was carried to la Cbariii^ where he remained till 
the 27th of Aug. of the fame year, that is, 4 
months. The 2 firft months he gave no fign of 
voluntary mocioii or fenfation j his eyes were fbut 
day and night 1 he oiien moved his eye-lids t his 

re- 



•J 

I 



w 

/ * 



Royal Academy o/SciENCEs. 361 

refpiration was always free and eafy, his pulfe was 
fmall^i #nd How, but equal ', if you puc one of his 
arms in any fioiation it remained there, (a difeafc 
thac is called acatalepfy)^ but it was noc the fame 
with the reft of his body i they made him fwal- 
low fomc fpoonfulsof wine to fupport him*, and 
this was his only nourifhmcnt during this time ; 
he therefore became lean, dry, and emaciated ; a 
very different ftate from that which he was in be- 
fore. M, Buret ie, under whofe hands he was, at 
firft made ufe of the moft powerful aflittances of 
art, bleeding in the arm, the foot, the neck, 
emetics, purgatives, blifters, leaches, and vo- 
latileS} and diis without being able to procure any 
other relief to him than that of talking very fcnfi- 
bly to his family, and the clergy, for an tntire 
day, after which he fell again into his Qeeping. 

I The two laft months of his ftay at ia Char fie, he 
by intervals gave fome marks of fenfation, fomc- 
times prefling his wife's hand, and at other times 
by melancholy complainings j but this would 
happen when they had been fcvcral days without 
^purging him. From this time he ceafed to do 
*^11 under him, being carefol to turn himfdf to the 
ledge of the bed, where a waxed cloth was put on 
jjurpofe, and not to do any thing till he found 
iimfclf there, and then he did his occafions, and 
returned to his place ; he began alio to take broths, 
jyottage, and other fuftinence, keeping ftill his 
::^rft inclinations, a great thirft for wine. He ne- 
""^irer made any figns that he wanted any thing. Ac 
^«he times appointed for his meals, they touched 
.^Kiis lips with their fingers*, at this (ignal he open^ 
"^vd his mouth without opening his eyes, and fwal- 
^owcd whjt was given him •■> he then lay ftitl ex- 
^^pedting patiently a fecond notice. They fhaved 
VOL.IV. N^44, Aaa hi n 
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him regu1.irly> but he was all the time like a 
Corps let upright. If he was taken up after din- 
ner, they found him in his chair wiili his eyes 
Oiut in the fame pofture that they had left him. 
A wetk before he went oat of la chttrite^ thejr 
threw him nuked into cold water to fiirprifc him. 
This remedy furprifed him effVdlually ; he open- 
ed his eyes, looked fteadfaftly, but did not fpeik 
at all. In t^is condition his wife carried him 
home, whtre he is at prefent : they give him no 
medicine 5 he fpeaks fcnfibly enough, and mends 
every day. 

Here is a ftumbling block for a philolbphJcal 
rcalbner \ being always impatient to get the ma- 
ttery of nature in her moft hidden deftgns, he 
fee5, admires, and fearches, and yet difcotcrs 
nothing. I flia 11 venture however to propofe CO 
the company as conjectures, fome reftedions thtt 
I have made upon lb fingular a hiftory. That 
I may reprefent them in order, I fhalj firft: cxa* 
mine how grief may produce this kind of Deep \ 
in the fecund place I explain the different ahera- 
tion which have happened to it \ in the laft place 
I feek for examples that may have fome reladon 
to it. In the fir ft propofition two things arc to be 
confidered ; upon what Heep depends » and the 
manner in which grief afts. There are rmny 
caufcs that produce fleep in general : in the bimin, 
obftruftion in the glands, compreflion or relaxadoni 
from hence commonly proceed apoplexies, and 
lethargies : in the blood, impoverilhing of the 
fpirits i and from hence proceeds the indifpenii* 
b!c necefiiry for man to Qeep to repair them; 
fpirits too much incumbered by the grofi parts 1 
and hence proceeds the difpofuion always near (0 
the fleeping diieafes. Such was the ft ate of our 
I pa- 
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psifient before he fell. A carpenter by profefTion, 
end a {qc by inclination, qualities which comnpn-r 
If ftirnilh thick blood, the a<flive principles of 
which arc bard to be difcagaged ; rcafon proves 
ie, a-nd experience cois firms it every d*y. Tliis 
t)ci(ig fuppofcd, it remains to examine the man- 
ner in which grief afts. Grief is a difcale of 
the mjftd, one of the moft terrible and moft fatal, 
rage, defp.iir, fear^ revenge, and melancholy, 
arc its uluil eflfodrs.' What diforders do not paf^- 
iions of this narurr produce in the m.ichine ! Some 
precipitate the motions of the fpi r its without or,- 
der, whence phrenfies arife, and an infinite num^ 
tter ©f acute djieafcst others, retard the courfc of 
it, and thefeforc produce hypochondrical afFec- 
Etons^ and the greateft part of chronical difeales. 
The grief of our fleeper is of the laft fort : at the 
newsof his enemy being killed, he is feizcd with 
terror, and fills himftJr with melancholy ideas; 
fear aftd iadnefs retain his fpirits in the brain, his 
blood naturally thick and deprived, if I may ufe 
the tx-pncflian, of the primutn mobile^ thickens 
more and nnore, its parLS draw clofer, bang toge- 
ther and erttanglc ttve fpirits -, hours of reft are no 
longer fufficient, but whole months are rtqulfia; 
to leparate a quantity of it nccefliwy for waking. 
In this refpetft I am not afi-aid of comparing him 
to the marmotte : being thus afleep he is its 
true ifflage. This animal, heavy by its natural 
'ConJlitution and dull, abounds with fit during the 
lime of its (lee ping 5 it takes no nourifliment in 
.'m file months fleep -, the fpirits difcngage tbem- 
felvesinfti^iibly by the motion alone of the circu- 
-lation ot the blood, and the refpiration which it 
.prefervcN : at the end of this time it awakes with- 
out any help: the fix months that it Is awake, it 
A a a 2 eats 
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eats reafonabljr, eithaufts but little, its blood be- 
comes of the fame fort, and it ileeps again. Per- 
haps from the fame principles, and the feme rea- 
fonitig, we might explain in a more probabJe 
nianner the changes which happened to our patient 
during his (leeping; the two firft months his deep 
was profound 5, his blood in all appearance had 
acquired the quality of the blood of the marmotte, 
the other two months without opening his cya,or 
fpcaking ; he however by intervals, gave fome 
figns of fenfe. By the exaft diet that he obferved, 
the fpirits difengaged themfelves, and a greater 
quantity of them were feparated ; the marmotte 
requires fix months, nature has fo ordered in 
forming ic-, here it is an accident, and may be re- 
paired in kfs time. We have a proof of it, and 
our patient grows better every day j it now re- 
mains to feek for the examples wpfhich may have 
relation to it. Neither the ancient nor modem au- 
thors furnifh us with any, M. Homherg re^d to the 
company in the year 1707, the C3f tra€t of a Dk/^^ 
letter printed at Goude^ containing the hiftory of 
an extraordinary lethargy ; it deferves to be frt 
down here as a parallel ; grief was the occalionof 
it; the fleeping was preceded hy a melancholy 
affeftion of three months. For the length 
of time the Dutch deeper exceeds the French one, 
he flcpt fix months fucceflively without interrup- 
tion, and during this time gave no figns of vo- 
luntary motion, nor of fenfe; at the end of 0x 
months he awaked and difcourfed with every bo- 
dy I and 24 hours after he returned to flcep againj 
perhaps he may be afleep ft ill, for we have not 
the reft of this hiftory. The carpenter in queftion, 
in four months ficknefs, had only two of real flecp, 
but the cataleptic accident, the figns which he 

pre- 
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pre&rved of a man afliecp, thoie which he gave 
of a man awake, the effeas that followed the iMith 
of cold-water, are Tq many rare particularities » 
which render the faft worthy of the attention of 
the mod: learned. pIuloTpphe^ ^nd phyfician's; 
my defign was to have entered into a particular 
.explication of all thefe accidents, but,)($e. fear of 
being troublefomi; m2^ me defer^ic C6 another 
di0ertation. \ r ■'■ ■■ ' 
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ABRIDGMENT 

OF THE 

Philosophical Discoveries and Ob- 
servations in the History of the 
Royal Academy of Sciences at 
Paris^ for the year 171 4. 

I. On the pajfag€ of air and water through 
certain bodies, 

WE are commonly perfuaded, that water, 
though more groTs than air, penetrates 
certain bodies, as paper, which air does not. But 
perhaps alfo it penetrates them for this very reafon, 
that it is more grofs 1 that is, that it has power 
to make paffages which air cannot j perhaps alio 
air penetrates the fame bodies as water, but with^^ 
out being perceived y for it is very dangerous in 
philofophy to fuppofe fads which are not ftridly 
proved, and we are generally miftaken in them. 
M. de Reaumur has thought of a very fimpte 
and infallible method of being fure of thefc h&^ 
and alt others of the fame naiure. The qtiicklil' 
vcr keeps fufpended in the barometer, only bc- 
caufe the nibe is fo exaftly clofed at its upper ot- 
trcmicy, that no air can enter. If any ihoutd en- 
ter, the quickfilver would immediately fall in 
proportion to what got in, and if it entered by 
little and little, the quickfilver would alfo fall by 
degrees, till at laft it was quite upon a level* If 
intfcad of air it was water [hat entered into the b*- 

lometer 
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rofnetcr, the quickfilver would ftill fali according 
to the weight of this quantity of water. We 
know how much the quickfilver ought to fall for 
a determinate quantity of both, and reciprocally 
by the quantity of its falling we know how much 
of either got in. But if both entered, the water 
being vifible, we know how much air muft have 
got in to make the total efteft. It is evident 
that we muft always confider how much the quick- 
filver ought to fall indepcndanily on the entrance 
of the air, or water, by the fole variation which 
would happen to the barometer at the time of thcfe 
experiments. 

This being fuppoled, we need only clofe, as 
M. ds Reaumur has done, that extremicy of the 
barometer, which is to be uppermoft, with the 
matter wiiich is to be examined whether it is pe- 
netrable by air; if the quickfilver finks in the tube 
indcpendantly on the diminution of the weight of 
the acmofphere, we Ihall be fure that fome air has 
got in, which muft have penetrated the fubftance 
which flopped the end of the rube. And this fore 
of proof has this advantage, that the air atfting on- 
ly by its gravity agalnft what ftops the tube, and 
this gravity being a known force, equal to 28 
inches of quickfilver, we know it is this entire 
force which at firft caufes the air to enter, fince 
the top of the tube is perfedly void, and inclofes 
no air that refifts the outer air. If the air continues 
to enter, we know by the quantity which is al- 
ready entered, and which is known by the fall- 
ing of the quickfilver, how much die force which 
drove it is diminlfhed, and if the quickfilver at 
laft comes to a level, we fee that the Icaft force is 
capable of making the air pafs through the bo- 
dy under examination. We fee alfo, which is 
very confiderable, what arc the different timesj 

Vol. IV. N^44. Bbb in 
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in which this force continually decr«afing has i6c- 
cafioii to aft according to its difFerenr dccneafings. 
But if the queftion is about water infte:Ld of air, 
or about both together, M. d€ Reaumur has Con- 
[trived to make with a certain compofition, impe- 
netrabie by air, a Httle rim raifed above the tube, 
by means ofwhich he has a little vciit- U into vvhich 
he pours the quantity of water defired, and the 
fame reafonings foliow. 

I Ihall now mention the refult of the experi- 
ments which he has made upon thefe principles, • 

Air pa0es through paper even, the chickdft, but 
lefs quick. 

LrCt the impelling force be ever foJitile^it pafles 
but more Howiy. 

If paper be ever fohctle wetted, the air docs not 
pafs through, ic begins to pifs again as foon as'ihe 
paper is dry ; IF we would have it continue wct^ 
it muft be rubbed with oil. 

Air paffes pretty freely through old parchment.^ 
It does not pafs when it is wet. 

It is known di;it water penetrates tl>e bladders of 
feveril animals from without inwards, and not 
from within outwards. Air fekiom pecetrates 4 
hog's bladder, when irs inner furfiice isexpofcd to 
jti and when it does penetrate it, it is with an ewJ' 
treme flownefs, efpccially when it is impelled but 
by a fmall force. 

Air does not penetrate a hog*s bladder by m 
outward furiace, but wafer penetnices ic, iho* 
prttty flowly. 

There palles with the water a very fmall quanti- 
ty of air» which proves both that water i ■ /s- 
where air docs not, and that when it dots ^ it 

is by opening itfclf paflages, thro' which air nkei 
tlie advantage of accompanying ic. 
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WaKf, tiio' inapelled only by a little force, pc- 
netpates the inner furface of the bhddcr, which it 
do^s rtoi pcncjrite in ihe living animal, but this 
is bqcauft? it is nor then impelled by any force, 
fince tlKrfttvvo fiirfaces are equ.tlly preffed by the 
inward and outward air : Thence M. d*? Reaumur 
ecsncludcs* shat membranes ofaur body, which in 
their nawri^l ftate are not penetrable by certain li- 
quors ^ witl become fo when an extr^iordinary rare- 
ta£tl«ti ol' air fhall caufe them to be lefscomprefled 
by one of their lurfaces than by the other. We fee 
by this i-'xam pie, that M.ti^/2«?i3««ttr*s experiments, 
which might niiturally be ufefii! in the arts, will be 
fp alfo in medicine, and this unforefecn ufe may 
give us reafon to expert more. 

il. OffofM extraordinary effcBs of thunder* 

The Chevalier de LowoUIe, being at Nivers, 
obferved fome remarkable efFeftsofa violent ftorm 
of thunder there j a tree of the park ofthe callJe, 
was fpUt into three at the top of the trunk, and 
hid three furrows of unequal bignefs made in the 
Wood, juft as if three musket b.dts had been flioc 
ffon> the top of the tree towards the root; the 
tree was barked on one fide from about the middle 
quite to the bottam ; tho' it was crooked, yet the 
three ftrokes follawedthe bendings exactly, Aiding 
continti-USy between the wood and the bark, both 
in the upper part of the trunk which wasftill co- 
vered with bark, and in the lower part which was 
covered but on one fide ; but what was moft re- 
markable was, th;»t the wood was no£ blackened at 
all, and had no fitin of burning. 

Upon this, the chevalier de Loti-viUe explains 
how thunder can have great effefls without burn- 
ing j it is certain in the firft place, that it has grea: 
B b b 2 on:s 
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ones upon animals, and that when it falls pretty 
near them, the fulphurous vapour alone is (uffi- 
cicnt to take away their breath and kill them, with 
out the appearance of any hurt or bruifc upon 
their whole body. But as for the tree, there muft 
be another caufe i M. de LsuviUe thinks that 
when the thunder falls from fuch a height, that its 
flame is dinTipated before it can reach the earth, 
the air being violently driven by the impetuous 
motion of this flame, and confequently condenfed 
in an extraordinary manner, becomes a fort of 
hard body, of which theihock muft have a great 
deal of force. 

Hence alfo he explains another clap of thunder, 
the cffe6ts of which he faw at Nevers^ the fame 
day. There was a faggot upon the two dogs 
laid in the chimney in order to be kindled, the 
thunder fell down the chimney and broke the fag- 
got into a hundred thoufand bits, without letting 
ftre to it, or fo much as blackening itj pro- 
bably the funnel of the chimney confining the 
courfe of the air, had alfo augmented the impc- 
tuofity of it. 

On this occafion it was faid, that the kindled 
matter which forms the thunder, may come out 
of the cloud in a fmall quantity, and after wanls 
find in the air a great deal of matter of the fame 
nature and kindle it, for then the air is extremely 
loaded with fulphurous exhalations. Perhaps 
this is partly the reafon why lightning crinkles, 
for it is feekirg in the air for a nouriflmient which 
is irregularly diipcrfcd. 

HI' 
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III. Of feme petrified pdh found at a confider- 
able diftancefrom tbefea. 

M ie Lagny has feen in Poitou fame petrified 
fliells very well prefer ved, which were found Z 
or 10 feet deep in die ground, upon fomc hills lO 
or 1 a leagues from the fea ; there were among 
thefe fliells feveral cornua animams. He faw al* 
fo a field quite covered with oifter fhells as large 
as plates. 

IV. Of the American rj/, 6rmu% alpinus, 

M. Sarrafm phyfician ^i^ehecStom whom we 
have had an exad and curious hiftory of the bea- 
ver in the memoirs of * j 704, has lent one of the 
jimerkan rat, which is very like that which Mr. 
Ray has dcfcribed under the name of mus aipinus. 
It alfo fo much refemblcs the beaver, that M. $ar- 
rafm, who knows ihcm very well, fiijrs he Jhould 
take it at firft fight for a beaver of three or 
four months. That which he diire<5ted weighed 
four poundsi we fliall not enter into the anatomical 
particulars. 

This rat is of the chis of animals that gnaw. In 
March, when the fnow that always falls abundantly 
in Norib America^ is not entirely meked, it goes 
out and lives upon pieces of wood that it breaks; 
after the melting of the fnow, it commonly lives 
upon the roots of nettles, afterwards upon the 
ftklks and leaves of that plant, and in fummer 
upon ftrawberries and rafpberries, its nourilh- 
ment grows continually more delicate. A little 
wbile after its going abroad it thinks of multi- 
plying its fpccics i they go freely together 'till 
autumn^ and at the beginning of winter they fc- 

• Vol. U, Page 1 8 1 of this abiidgmentt 
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they were fct again in the free air ; thefe have a 
very fmall diameter, as about | of a line : now 
what force muft that be which puts them in mo- 
tion again as foon as they are in ihe free air ? 

When they were firft there they emitted the wa- 
ter drop by drop, and at the dittances of about i 
feconds, whereas the others of a greater diameter 
emit it in conunued threads of an equal diaaieter 
to that of the fecond branch. This difference 
comes from the very fmall fyphons being full of 
water as fbon as they are wetted, in their inner 
furface, a drop of water which wets a fmali part 
of this furface, joins itfelf to the drop of water 
which is overagainft it, and this by a certain vifci- 
dity, which naturali its acknowledge to be in wa- 
ter. When thefe fyphons arc in the free air, and 
are once moiftened by the water, which has pafl«d 
through, that their motion may be continued, the 
weight of the air muft fur mount not only the 
weight of the water which it has raifed, but tbe 
vifcidity of it alio, which is performed only by 
3 certain quantity of water collected, and confe- 
quently with a certain time, and thence it comes 
that thefe fyphons flow only drop by drop and at 
ftveral times. Each drop that comes out partly 
falls, becaufe it is Impelled by the weight of the 
upper drops. When we put thefe fyphons in va^ 
tuOy not only the weight of the airadls continually 
[els and lefs, and at laft aifts no longer, but alio 
the air contained in the water is extended, becaufe 
it is no longer prefled by the outward air \ it dif- 
engages i[fc!f from within the water, and forms 
great bubbles, which interrupt the fcrie^ of the 
drops of water, with which the two branches 
were moiftened and filled \ and thofe which are 
at the extremity of the fecond, have no longer t 

fuffi- 
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iufficient weight, and are no longer fufliciencJy 
preflcd by the others to make them fail. If wq 
replace the fyphons in the free air, the air which 
was extended is obliged to refutne its firft bulk, 
the drops of water which it no longer keeps fe- 
parate fall again, the upper upon the lower ones,; 
and the fyphon begins to flow again as faft as it 13 
wetted, but always drop by drop, and always more 
(lowly, and does nor ceafe 'till its fccond branch 
is dry, at leafb to a certain point. 

It follows from this explication, that if water 
was without air inclofed in its interftices a very 
fmall fyphon would continue to flow in vacuo^ 
as .long as it was wet.- This is alfo what M. Hom- 
b^rg Jias experimented with water freed from air, 
whether becaufe it had been made to boil well, or 
becaufe it had been put into the pneumatic machine, 
and this /»i?flf«ff*wt'3ow, which leems at firft fight fo 
contrary to the fyftem of the weight of the air, 
agrees perfeftly with it, and is a neceffary confc- 
qucHce of the fpring of the air ftretched by its 
gravity. 

It is eafy to forefce, that if for the experiment of 
the capillary fyphons, we make ufe of liquors 
which contain more air, or air which difcngages 
itfelf more eafily, fuch as fermented liquors, the 
fyphons will (lop fooner in the vacuum^ alfo, all 
the reft being equal, they mull; flop fooner in win- 
ter than in fummer, for in winter the air Is more 
difpofcd to difengage itfelf, fince in frozen liquors 
it is fuU of great bubbles i we fhall judge alfa by 
this experiment, that fat liquors, as oil or miik 
contain lefs air, or air more engaged, for with 
.ihefe liquors the fyphons do not ftop in the vacuum 
in any time whalfoever. 
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VI, On the greatefi poljible ferfeBion of ma^ 
chines moved Ijy animals, 

Mechanicks can do nothing more ingenious and 
more ufcful at the fame time, than lo determine 
how fir they may be ufeful, and in what bounds 
all the advantages which they promife are contained. 
All poITible machinesare moved either by animals 
or by fluids, which are made to work inllead of 
animals \ thole of the laft fort have already been 
examined by M. Parent^ and now he examines 
thofe of the firft. 

An effeft of a machine can never be greater than 
the natural and fimple efFedt of the power which' 
moves the machine. Thus if the narunil effcft of 
the force of a man is to raife 24 pounds by going 
1000 toifes in an hour, and of a horfe to raife 
170 pound, by going 1800 toiks in an hour, a 
machine moved by a man or by a horfe could ne- 
ver do more let it be compounded with ever fo 
much art, and it would even be much Jefs becaufe. 
of the inevitable fridions, but we do not confidcr 
them here. The effeft of the machine moved by 
a man will therefore never be more than the pro- 
duct of 24 pounds, by a 1000 toifes of velocity 
in an hoar, or the product of 24 by 1000, 10 
what manner ibcver this product is formed by the 
weight and by its velocity ; for it is always the 
fame quantity of motion, and thence it follows, 
that a man going 1000 toifes in an hour, may 
raife a weight of 24000 pounds, provided this 
weight goes but one toif^ in the fame time, and 
it is the fame with alt the other infinite wayt 
by which the product 24000 may be formed. 
The mechanical efl"e6t therefore has ncceffarily for 
a limit the natural effect of th^ power which moves 
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the machine, and indeed it is impoflible to draw 
anew force from nothing. If we would have a 
man going 1000 toifcs in an hour raifc 24 pound, 
it is belt nor to ufc any machine^ but if we would 
have him raife more than 24 pound, there muft 
be one* which preferving to the man his natural 
velocity, diminiflies th^it of the weight in proper* 
tion as it is bigger : the whole comes to this, the 
different arms of the lever, by which either the 
power or the weight aft in machines, only regulate 
their velocities, and always reprefent them geo- 
metrically. 

When therefore we have a machine moved by 
animals, which raifcs a weight, irs effefl being the 
produ6t of the weight by the velocity which the 
machine gives it, there is nothing more eafy than 
to compare this eiFeft with the natural effect of the 
animals, and thireby to fee how much it isIefs,for 
it is always fo becaufe of the fridions *, the more 
the machinal effe6l fhall approach to the natural, 
the more perfect will the machine be. 

If animals draw one or more boats, the obftacle 
which they have to overcome is the refiftance of 
the water, the greatnefs of this refiitance depends, 
I ft, on the greatnefs of the furface which pufhcs 
• the water before it, 2d. on the velocity of this fur- 
face with regard to that of the water, which is cal- 
led the rcfpective velocity of the furface ; If it is 
moved the fame way with the water, its refpe<5live 
velocity is the cxcef'i of its velocity above that of 
the water i if it is contrary to the water, its ref- 
pcitive velocity is the Turn of its velocity, and of 
that of the water ; if the water has no velocity, 
as that of a pond, then the rcfpedtlve velocity of 
the furface is its proper and abfolute velocity. 
Now it muft be remcmbred, that becaufe we are 
conUdering a moved fluid, we ought to take the 
C c c 9 fquare 
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fquare of the refpcftlve velocity. 3d. The refif- 
tancc of the water depends on its weight, or on 
its mafs» for it is plain that the fame furface mo- 
ved in the air with the fame refpedive velocity, 
would find Icis refiftance than in water. 

The obftacle which animals have here to over- 
come is therefore the produd of thefe 3 magni- 
tudes, the weight or mafs of water, the furface 
moved in the water, and the fquare of its refpedive 
velocity. Vl, Parent concludes from feveraJ ex- 
periments made by skilful mathematicianst that 
the water of the Stine ftriking againft a furface 
of a foot fquare» with a velocity of a foot in a 
fecond, has a force of 22 ounces ; ic now reiuains 
to know, what fliall be the furface that the boats 
fhall prefent to the water, the difficulty is that 
their furfaces are crooked, and n'-ay bedjfferendy 
crooked in each. But M. Parent fhews a very 
eafy way of making diem all equal to a plain fur- 
face, I nnean the furfaces ira merged in the water, 
which muft pulh it before them or bear its refif- 
tance ; we need only put upon ihe end of apoft 
in the middle of the river a fixt puJley, over which 
pafies a cord, one end of which is faftened to the 
boats that we would draw, and the other to a great 
flat table, plunged in the water by degrees, *till 
it receives a fufficient impreffion to be driven ac- 
cording to the ftream, and thereby obliges the 
boats to move in order to rile again ; it is cer- 
tain the part of the table immerged in the water, 
will be a furface equal to thofe of all the boats to- 
gether, which have the refiftance of the water to 
lurmount, there will be as many times 22 ounces 
of force in the water, as fquare feet in this iur- 
. face. 

We fliall therefore have the refiftance of the wa- 
ter expreiTed in a certain number of pounds, aiSiog 

with 
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with a velocity of a foot in a fecond againft a fur^ 
face of a certain number of fquare feet. Here is 
what the eifort of the animals muft equal in the 

ftate of equilibrium^ here is what thejf muft fuftaia 
out of the equilibrium^ here is the rcfiftance they 
muft fur mount to draw the boats, and as they 
wjji imprefs a certain velocity upon them^ which 
will aagment the refiftance of the water, which 
the animals will have to overcome, it will be the 
weight of 22 ounces taken as many times as there 
are Iquare feet in the flat furfaceol" the experiment, 
and multiplied by the fquare of the refpeftive ve- 
locity of the boatSi and it is plain, that this pro- 
du6t can never be greater than the natural effort of 
the animals, as we have determined. 

If it is a running water, its velocity enters into 
the expreffion of the refpeftive velocity of the boats, 
whether they go up or down, and as this velocity 
is determined, that of the Seine, for example, to 
be one foot in a fecond, there is a deterrainate 
quantity which enters into the refinance of the wa- 
ter, and confrquently requires that a certain part 
of the force of the animals fhoatd be determined 
alfo. All the reft almoft is free, that is, we may 
vary the force of the animals as we will, and the 
oppofite charge, which is the fum of the furfaces 
of the boats ImmLTged in the water. If the charge 
remaining the fame the force of the animals dt- 
minlfhes, or which is the fame thing, their num- 
ber, for we mult iuppote that they always go with 
the fame velocity, or if the force of the animals 
remaining the fame, we augment the immergcd 
furfaces of the boats, either by augmenting their 
number or loading them more, it is plain that in 
thefe two cafes the bo.its will go more flowly. But 
if the water is ftill, the rcfpeflive velocity of the 
boats being no more than their proper velocity, 

and 
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and the dtJEermined velocity of the water making 
no longer a pan of it| thf.n all is free, and we may 
draw as great a number of boats, or as much Joatd* 
cd as we will, with Oi Imall a force as wc will, on 
condition that the boats Jh;il] go very (lowly, and 
thii is only what is continually tound ia aXl mc- 
chanicks. 

If the animals which draw the boats are appUdi 
to a machine fixed upot* the Ihoar, as M. PtiriiH 
fiippofcs, this machine will ftimifli the arms of a 
lever, one of which will belong; to the animals, 
and the other to the oppoSte th.^ri^e or lo.id, tk 
proportion of which will rcpte.'enc i\ut of the 
velocity of the animals, to the velocity of dss 
boats. 

But if inftcad of a machine fixt upon the Hhoor, 
wc make ufe of a machine canied upon ibc boiis 
theirifelves, which can be only a doub!- Jl- 

cned on theoutfide to the two fides of ti.. - : -it 
which will draw the reft, then the water H<^nga- 
gainft the fails, or vannsor floats of each r- 'ob- 

liging the cord drawn by tiie animals to .„... ^.oitt 
a roilcr, will imprefs on the boats a motion added 
to that which the animuls imprels 05 it. 

Ifi all cafes whatfoLver, M, PanmH theory 
gives him a fure mean to find any magnitude what- 
foever, t hut enters into the moving l<rce or tije 
load oppofcd, when the other magnitudes fbAll be 
given or known. It is only a calcubtion, but 
it fometimes requires art and tklicacy in the appli- 
cation, and ihtnce it comes to have its partici 
beauty. 

VI L Of a ntw theory of the 'working ofvepk. 

This year there appeared a new book df M, 
Bernoulli, intitkd an cJl^iy towards a new iheocy 

cu 
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of the working of veflels, the firft and only on© 
that has hithcJto come out of his hinds i for hflu 
has contented himfelf withdirperfing either in ouiP* 
memoirs, or in thtLeipJIc afts, different detached 
pieces, eich of which is equal in value to many a 
great book. The occafioii of this work was the 
theory of the working of vejjeb by the Chevalier 
i2^»tfM, printed in 16S9, when it appeared, M. 
Huygens had a coniiderable difficulty with M. Re^ 
nau on a fundamental point. As ihefe fubjeft* 
do not belong to pu;e geometry, but depend on a^ 
very nice mixture of geometry and phyficks, and 
befides as this was quite new, and as M. Renau 
was the firft who ventured to touch upon it, it 
was no wonder, that there (hould ft ill remain Tome 
difficulties to clear up, or even chat the geome- 
tricians ftiould be divided about it: and indeed' 
they were divided, for fome were for M. Uuygens, 
others for M, Renau ^ and among theJe laft was 
M. BernsuUiy who not having I'een M, Rertau's. 
book, judged of the difputc only as it had been 
explained to him by die Marquis dd I'Hspiial \ a, 
long time aftervi^ards he faw the book and altered 
his opinion, but he {till found himfelf in op pofition 
to M. Renau on .^noihtT impor cant point, which 
M. Huy^cns had not taken the pains to confider, 
or elfe had been convinced of it, and as the alte- 
ration of thefe two points make a ditierent theory 
from that of M. RenaUy much lefs fimple indeed 
and more cmbarrafllng, but according to M* Bir^ 
M0«//; neceflary,and by irsgreat very difficulty more 
inciting to a greit geometrician, he refolred ta 
make a complete work of it. Wc Ihall give an 
account ot it, as if it was the only one that had 
been compolyd on thijfubjeft^ and wirhoui f ntring 
into either fide of the controverted points, wc ihidl 
only give fome preliminary or general informations 

which 
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which will facilitate the underflandlng of the book, 
for in order to a more large difcufllon, the book 
idelf ought to be confulted. 

Suppofe a vcflel at reft with its fail, which is 
fuppofed to be flat, and continues always fo not- 
withftanding the action of the wind ; this veflel 
being impelled by the wind in a firft inftant, takes 
at prefenc, becaufe of its great bulk, no more than 
an almoft infinitely fmall velocity, and confequent- 
ly the water refifts it but (?ery little. The wind 
blows again in a fecond inftant, and imprelles on 
the vefTel a new velocit y, which being added to 
the firft makes an accelerated velocity, and die 
water makes morerefiftance to this greater velocity. 
LaftJy, the velocity of the veflel is continually 
accelerated from one inftant to another, and the 
refiftance of the water continually augments alfo, 
till this refiftance becomes of an equal force to the 
augmentation of the velocity of the veiTel ; tbcn 
if the wind and water were to be fuddcnly anni- 
hilated, and the veffel confequently found in the 
vacuutjjy it would go to iniinite according to a 
right line, with an uniform velocity equal to the 
Jaft degree of acceleration, which it received from 
the wind in the !aft inftanf. But this laft degree, 
to which the refiftance of the water is equal, being 
acquired, the vefTel is not in (he vacuum^ the action 
of the wind and the refiftance of the water always 
fubfift ; however, becauf;; this action and refiftance 
are become equal, they mutually deftroy one an- 
other, and the vefTcl is in the fame cafe as if it was 
in the vacuum-, it will go thcfefore thenceforward 
with an uniform velocity, and the continual adion 
of the wind upon the fail will only deftroy the con- 
tinual refiftance of the water. Iris in this ftatc of 
uniform velocity that the motion of the veflel is 
j^onfidered. 

That 
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.That the motion may be efFeiftively uniform, 
tne wind mull no longer accelerate it j and For 
thisitmuft meet the velTcJ, not as flying before 
it, for it would accelerate its motion ; but as being 
at reft, and that the wind may aiw.iys meet ihe 
yeflel as being at reft, tho* it really Hies, the ve- 
locity of the wind muft be as infinite with reladon 
to that of the veffcF. This is alfo whai M. Ber- 
noulli fuppofes in his whole theory. It is true, thac 
when a vcflel makes 3 leagues in an hour, whtlft 
the wind makes 5, the fuppofition is very far 
from the truth *, but M. "BcrnouUi reafbns fafely 
upon this fuppofitlon, the known errors of fup- 
pofition are not errors In geometry. 

The force of the w5nd, which drives the veflel 
with an uniform velocity, and the refinance of the 
water being equal, and deftroying each other, 
thcfc two forces muft a£t one againft the other in 
the fame right line, for othcrwife they would pro- 
duce a common effcin:, and not deftroy one an- 
other. 

The force with which the wind atfls upon a fail 
always luppofed flat, depends upon three things, 
or magnitude, by which it is produced, as thac of 
every fluid v/hich firikes a plain furface. 

1. On the magnitude of the furface. 

2. On the angle of incidence of the fluid on the 
forface: 

3 . On the velocity of the fluid, 

I The I ft point is clear. 

As for the ad, it is clear that a fluid, which 
firikes a furface obliquely, ftrikcs it only accord- 
ing to the degree of perpendicularity tii its di- 
region, that is, according to the fine of the an- 
gle of incidence, and confcqucntly the impuJft: is 
Vol. IV. N**. 44. Ddd fo 
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lb much ftmnger as the fine is greater^ or the bt 
lique impulle lefs oblique. Bcfides, in proportion 
as t!ie incidence is more oblique, a lefs quantity of 
the fluid ftrikes the furface, and we (hiil fee it 
plainly by conceiving the incidence infinitely ob* 
lique or parallel to the furface, for then the furface 
is not ftruck by any quantity of the fluid -, and ici 
the oppofuc cafe, which Is that of the perpendfcu- 
lar incidence. It is (o thro* the *ho]e poITible quan- 
tity of the fluid. It is vety eafy to prove, that 
the different quantities of water, which anfwer 
to the different incidences, areas the lines of the 
angles of incidence. Whence it follows, that the 
forces of the different impulles are as the fquarea 
of thefe fines. 

For the 3d point, every body knows that the 
different impulfes of a fluid, moved with different 
Velocities, are as the fquarcs of thefe velocities j 
becaufe a fluid moved with more velocity, ftrikes 
both with more force, and in the fame time with 
a much greater number of parts, and that this 
greater number is ki the fame rafio with a greater 
velocity. 

Therefore the force of the wind upon the fail 
is a produft of the furface of the fail, by the 
fquare of its fine of incidence, and by the fquarc 
of its velocity . If we fuppofe the wind always the 
fame in different cafe,% its velocity is no longer to 
be confidered. It will be the fame with the IV\1 
always fuppofed the fame. 

The refiftance of a water which is not running, 
as that of the fea, to a veffel which moves, is the 
lame as the impulfc of the fame water if it was 
running, againft the fame veffel at reft. Thu* 
the refiftance of the water is regulated by the im- 
pulse 
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pulfe of the wind upon the fail, though with a 
a great diffarence which rauft be obicrved. 

A velTel has a crooked furtaee, compofcd con^ 
feqgendy of 3,n infinite nutnber of plain furfaces 
infinitely fmall, differently inclined to each other, 
which caufes the inci Jence of the water to be dif- 
ferent iVorp each of them j whereas the incidence 
of the wind is the fame upon the whole faiU always 
fuppofed flat. From ali the />flr//fl/ refiftances 
of the water to each infinitely fmali furface of the 
crooked ve0el, there is formed a total refiftancc, 
which may be alfo called mean -, and it Is this 
reQffance alone.thac is equal, and dire^ly oppoHtc 
10 the action ^f the wind upoa tiie lail. 

To be able to exprefs it geometrically, wc 
muft koow the curvity of the veffel, and the geo- 
metricians plainly perceive, that wc iliould then 
fi^ll into integrations that are often impoillblc, and 
always difficult, M. BcrnouUi avoids all this 
difficulty by confidering at firft a veflej, which 19 
only an oblong rcdangular parallelipipsd, or If 
yvii pleafe, a finiple parallelogram* which confe- 
quendy has but two fides differently ft ruck by the 
waaer. 

Thefe principles being eftabliflied, and thefc 
fuppofidons made, there are two principle things 
to be co.ifi ■ 1 the nnotion of the rcftangu- 

Jar v&llclj : : J and its velocity. 

li is plain at. firft, that its courfe, or the direc- 
tion of its motion, depends on the line, according 
to which the wind impels the fail. The wind, 
which in general is fuppofed obltc^ue to the ikil, 
impels it only according to what perpendicularity 
the fill has in its direction and by no means ac- 
cording to its parallelirm,and confcquencly the line 
Ddd 2 SQ- 
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according to which the wind impels rhe iliU, is al- 
ways perpendicular to it. Thence it follows, that if 
the fail is always in the fame fituation, or dire<5led 
according to the fame diameter of the horizooj 
the wind, tho* it falls upon the fail under different 
angles, will always impel it according to the 
fame line, becaufc the perpendicular to the fall 
will be always the fame, or directed to the feme 
point of the horizon. Much more will it be fo, 
if the incidence of the wind is always the fame, 
for the wind blowing according to a certain detcr- 
nnined diameter of the horizon, the equality of 
incidence determines the fiil to be direiftcd jtecord* 
ing to another diameter of the horizon, which is 
nlways the fame. M. BertiouUi calls the perpen- 
dicular, according to which the wind impels the 
Jiiil, theUn^ of the r)m'<ing f^rce. 

If the velTcl was round, rhe perfect uniformity 
of its figure would make It find in all its parrs an 
equal refiftance of the water, and confequently it 
would go according to ths line of the moving 
fores, or ihe perpendicular to the fail. If the 
veflel being rettangular had infinitely more faci- 
lity to cleav'C the water according to rhe line of 
Its ked^ which would be a right line drawn thro' 
its centre pnrallel to the great fide, than according 
to the lirie perpendicular to the keel, it would go 
according to rhe line of the keel, and not acoond- 
ingtothat of- rhe moving force; for it reccfves 
from the wind an imprtlTion of motion, and be- 
cauie of the refiftance of the water fuppoJed infi- 
nite according to the great fide of the paraJlcJo- 
gram, this motion cannot be executed but accord- 
ing to the fmall fide, and confcqocntly will go 
only according to the line of the keel. But the 
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fuppoFition was chiriierica!, and the velTei which 
Jia5 more facility to cleave the water by the little 
fide than by the great one, has not infinitely more 
of it, and confcquently is found in a mean cafe 
between the two extremes which we have confi- 
dered ; one of which was that of the equal reBf- 
tance of the water, and the other that of its re- 
fi (lance infinitely unequal. Therefore, if in the 
I ft cafe it followed the line of the moving force, 
and in the 2d that of the keel, it muft in the 
mean cafe follow a mean line, which will be its 
true cotirfe. 

In the conftruftion of veflels it is endeavoured ttf 
give them fuch a curvicy^ that the greater facility 
they have to cleave the water by the prow, or ac- 
cording to the line of the keel, than by the fide, 
may be the greateft poflible, and the intentiori 
Ihould be, that the courfe be made according to 
the line ot the keel. 1' is impoffible however, but 
th.it the water muft refift the prow as well as the 
fide, though much lefs, and confequently the line 
of the courfe turns afide more or lefs from that of 
the keel, according to the greater or lefs inequa- 
lity that there is between the refiftance that the wa- 
ter makes to the prow, and that which it makes 
to the fide, which comes from the different figure 
of the veflM. The angle which the courfe makes 
with the keel is called the AugUof ibs Deri~ 
valien. 

It feems at firft, that tlie magnitude of this an- 
gle mull depend only on the greater or left ine- 
quality of the refiltance of the water, or which 
comes to the fame thing, on tiie figure of the veflel. 
But M. BirmtiUi makes another conlideration 
to enter into it. The figure of the vt^ii\ being 
determined, the line of the moving force may 

be 
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pends only on the incidence of the wind upon i\ 
fail, the nearer thia incidence approaches to perpen- 
dicqlaricy, the wind has the more force, and the 
veffel the greater velocity. 

But if we luppofe the incidence of the wind 
upon the fail always the fame, and confequently the 
moving force equal, there is ftill one thing which 
makes the velocity of the velTel vary, the pofi- 
tion of the fail with regard to the wind being de- 
termined and fixed* that of the fail with regard to 
the keel is. not fo, and we may by means of the 
rudder, put the keel into different fuuations with 
regard to tlie fail, the courfe is a mean Ime be- 
tween that of the moving force 5 which in the pre- 
fcnt fuppolition 1$ iixt, and that of the keel. We have 
already feeti, in fpeaking of the angle of dcri- 
ni&iicn, that according as the line of the moving 
force was more or leis approaching to that of the 
kceJj the vcfi't;! was impelled in a manner more 
or lefs favourable to its motion, and this is the 
fecond condition on which the velocity depends % 
wefball now fee this more particularly. 

The courfe is a mean line between the line of 
the moving force and that of the keel, and it 
dianges its diredion us we Jiave feen» when iTje 
angle of thefe 2 extreme lines changes. Therefore 
the pofition of the line of the moving force being 
fixed, if that of the keel changes, the courfe 
changes alfo. It is on the direftion of the courfe 
that the different incidence of the water on the 
great fide depends, a/id on the little one, of the 
reftanguiar veflel [hat is, that according to the 
ditfcrent courfe the angles of incidence of the wa- 
ter upon each of the two lidts vary betweeu ihcm- 
felvcs, and are more or lefs unequal. Thefe 
two angles taken together always make a righc 

1 one. 
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one, but the fines of two angles that are equi- 
valent to a right one, do not nuke a fum equal ro 
thatof the finesof 2 other angles, which are alfo 
equivalent to a right one, and confeqocndy accord- 
ing to the different courfe of the velfe', ihe funis 
of the fines of the angles of rncidence of the 
water upon the two fides are diffcrenc. Now 
thefe fines or their iquarcs exprefs x\\& different rc- 
fiftancesof the water to each fide, and confequently 
the fura of the two /a/^rrf/ refiftances of the water 
varies according to the different courfe, and coa- 
fcquentJy alfo the velocity of the veffel. It is plain 
that a lefs velocity anfwers to a greater fum of the 
lateral refiftances. 

The two lateral or partial refinances of each 
courfe produce a mean or total refiftance, which 
it is eafy to calculate. Each of thefe mean refift- 
ances is equal to the force by which the vefiel is 
impelled. Now in the two different courfes, 
the moving force is the fame, fince the incidence 
of the wind upon the fail is fuppoled the fame ; 
therefore the two mean refinances are equal, and 
as [here neceffirily enters into the expreflion of 
each, the particular velocity, by which the veflcl 
is impelled according to each courfe, we have the 
relation! of thefe two different velocities co magni- 
tudeSj into which there enter only the knov/n fides 
of the veflel, and the courfes or lines which depend 
upon it. 

From all that ha^ been faid it refults, that 
there muft be a grsaicr kt the velocity of the vef~ 
fel, that is» that the incidence of the wind upon 
the fail being always the fame, there will he a po- 
fltion of the keel with regard to the line of the mo- 
ving force, io that the veffel will have a greater 
velocity in this difpofition than in any oiher. This 

Vox., IV. N'^. 44. Ee e greater 
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greater velocity* which the calculation gives with? 
out cUfficuhy, is found when the diagonal of ihe 
re<fVanguliir veflcl is in theline of the moving force, 
and contcqucnrly perpendicular to the fail-, one 
might be furprifed atfirft, ihat it is this diagonal, 
which fliould be put in this fituarion, and not the 
keeJ, ihar is» the line drawn through the centre pf 
the parallelogram, parallel to the great fide, for 
the keel is always the moft fiivourable line to the 
motion. But it is eafy to ice that the greaer ve- 
locity anfwcrs to the leafl: refiftance oi the water, 
and that it is at the point, or at any angle 
whiitfoevtr of the parallelogram that the water 
fffilb the leaft •, what had been called the keel was 
not fo in reality, it is the diagonal that is fo, 
and the^ error of the word bein^dilUpated, there 
is no longer any paradox. 

The line which exprtHcseach velocity, is always 
taken upon the line of the courfe, and as the 
different velocities of the velTel for eachcourfe, or 
which comes to the fame thirg, for each pofirion 
of the keel, have known relations, we may con- 
ceive the infinity of lines which will exprefs the 
velocities as drawn, and forming by their extre- 
mities a curve, which M. Berjimlit calls the de- 
terminer oftbe vdociiies. He flicws how to draw 
ic by points, that is, for all the different p<jfuions 
of the keel, the angle ol the wind with the fail teing 
always the fame, 

Tnis being done, we fee that unleis !he line of 
thecourfe dots nor touch the curve, which only 
one couife can do, it cuts ir in two points, and as 
all the points of this curve determine the vclociiies, 
there a^e tbrrrfore, except in one fingle cute, two 
different velocities for one fingle courft j and be- 
tauk each point ot the curve anlwers to a diftereot 
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poficion of the keel^wc mny make the fame courfe 
with 2 ditFerenc pofitionsof rhc kce],but with 1 dif- 
ferent velocities. It is very eafy to fee which of the 
two is the greateft, and we muft chufe that, and 
confequently give the keel the pofition which ac- 
fwers to it. 

There is a confiderable advantage which ihey 
often endeavour to procure by the working, and 
that is gaining upon the •mindy as a wind which 
blows from eaft to weft, for example, and falls 
o.sliquely upon the fail, impclls it only according 
to a perpendicular, it does not impel the veflel ro 
the weft, and the perpendicular may be fuch as 
ihafl be direfted according to the line of the S. E. 
and confequently its direftion will partake of a 
direfllon from W. to E. and lallly the impulfe of 
the wind fuppofed will tend to make it go partly 
from W to E. and evenagainft the wind. Now 
it is an advantage to go againft the wfnd, or to 
gain upon the wind, not only when we would 
lake a courfe, to which it is almoft entirely con- 
trary, but when we would board a veiTcU or avoid 
bt ing boarded by it, M. Berncullt's curve fhews 
alfo what is the courfe that wc muft hold, or the 
pofition that we muft give the keel, to gain upon 
the wind as much as pofTible. 

It the courfe that we would hold is determined, 
which is the moft ufual cafe, we find by means of 
the curve, that 2 different pofitions ofthekc-::! 
are equally proper for it, and we ought to chufe 
that which gives the greareft velocity. 

Al! that has now been faid fuppofes the angle 
of incidence of the wind upon the tail conftant, or 
to ffieak more exactly, the line of the moving force 
always directed to the fame point of the horizon, 
which, as we have feen^ fubfifts as longas the fuil 
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is diredled according to the fame diameter of thfi 
horizon, whether it receives the wind under dif- 
ferent angles or under the fame; but if the pofidon 
of the fail changes, which makes the direction of 
jhe line of the moving force change, or of the per- 
pendicular to the fail, then there would aniwer to 
this new politiori of the f^il another pofmon of the 
keel, wi:h reo;ard thereto, to give to the veflel 
ihe greateft poffible velocity in this rew hypothecs. 
And in like manner all the infinitely different 
pofitions of the fait will have their different pofi- 
tions of keel correfponding to a greater velocity. 
- If we had determined neither a pofition of the 
fail according to a certain diameter of the horizon, 
nor a pofition of keel with reg ;rd to the Jail, and 
had ibught to determine thefe two pofitions toge- 
ther, to have the greateft poITible velocity, this 
greater velocity would be therefore the greateft 
among the infinite number cf greattft, each of 
which reftilts from a certain deccTminacc pofition 
of fail, and from the moft advantageous pofition 
of the keel correfponding thereto. The determi- 
nation of thhgreaiefi of the great fji^ is one of the 
moft elevated geometrical problems. M. Bernoulli 
refolves it, and is led by this rcfolution to impor- 
tant remarks, the occafion of which is rare. But 
we cannot enter either into this inquiry, or thefe 
reflefirons. M. Bsmaulli himfelf prefers another 
method for the prailice ; he calls it mechjnicaJ, 
and yet it depends on a fublime geometry. 

■ If for each different pofition of the fail the de- 
termining curve of the velocities was defcribcd, 
there fhould be an infinity of thefe curves, fince 
there may bean infinity of pofitions of fdil infinite- 
ly little different, and this infinity of curves, the 
jfirft and fccond, the fecond and third, ^c, would 

in- 
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interfed each other fuccedively in points infinitciy 
near. The ferics of this infinity of points of inter- 
feftion would form a new curve which would 
touch all the determiners of the velocities^ and 
would contain all their conditions and advantages, 
M. Bernoulli fuppofes it, nor exaftly, which is 
impoffible in pradice, 6ut fufficiently well de- 
Jcribed \ and he Ihews how to find by means 
thereof, what will be the pofition both of the fail 
and of the keel, to make a courfe propofed with 
the greateft poffible velocity, or to gain the molt 
upon the wind. 

Hitherto the figure of a parallelepiped or pa- 
rallelogram, which has been given to theveffel, has 
been very different from that which is ufually 
given them. To come ftitl nearer, M. BernoulU 
takes a veffel which has the figure of a rhomb, or 
lofenge, but Ehe fame principles always fubfift, 
only the explications of it become more difficult, 
and the calculations more complicated. Laftly, 
after having paficd thro' thefe degrees* M. Ber- 
mulli comes to a curvilineal figure, k is in gene- 
ral any poruqn of a curve, which has an axis^ and 
ordi nates. 

The curve which reprefents the figure of the 
velTel cannot be ftruck by the water, but according 
to the line of the courfe, or which is the fame 
^hing, parallel ly to [his line. The parallels to 
the courfe drawn upon all the infinitely fmall fides 
of the curve are different incidences to it, but each 
of them ftrikes only according to a perpendicular 
to a little fide that it ftrikes. Any one of thefc 
perpendiculars to the curve bt-ing drawn or con- 
ceived to reprefent all the reft, it is compofed of 
two directions, one of which is perpendicular, 
and the other parallel to the <3W of the curve, 

.Thence 
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Thence it follows, that each little Gde is flrock or 
impelled according to iwa direclions, one perpen- 
dicular, and the other parallel to this Mxis. U we 
have the proportion of the fum of all the tinpul/es 
perpcndrcular to the axis^ to the fum of idl the 
parallel tmpulfcs, a redangic, of which the wo 
fides fliall have this proportion being deicribedj 
the diagonal will reprefent the impulfe or mean 
rcQftancc ot the water, and the fMjfition of this 
diagonal will be ncccflTarily oblique to the axisdi 
the curve. Wc know by all that has been faid, 
that the pofuion of ihis line of ihe mean rcfiftana 
of the water is always the iame as that of the ibx 
of the moving force. 

If the incidence of the water upon all the Utile 
fides of the curve changes, there arc formed two 
other fums of impulfions or refinances, perpen- 
dicular and parallel to the axis of tht curve ; ihtft 
fums have another proportion, and confetjuenily 
the diagonal of the foppofed paralfelograro, or 
the line of the mean rcfiftance of ihe water, 
changes in magnitude and pofition, and the line 
of the moving force changes alfo in pollcion. Now 
the incidence of the water on all the fmall fides of 
the curve neceflarily changes, as fbon as the vcffel 
changes its oourfc, which is vifible 1 therefore the 
change of the courfe makes the pofition of the 
moving line change. It is reciprocally plain, th.it 
if the pofition of the line of the moving fofce 
changes, that of the courfe changes alfo. The 
pofirion of the line of the moving force gives that 
of the fail, fmcc it is always perpendicular to 
it, 

Thefe two lines, that of the moving force and 
that of the courfe being mutually dependent On 
each other, as 10 the pofition, one of the two po 
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ficions being given, the other therefore may be 
deduced from it. Let us fuppofe at fir ft the poii* 
tion of the given courfe. 

To have that of the hne of the moving force, 
or of the mean refiftance of the water, we muflt 
have the fums of the lateral reliftances of the w*- 
ter, fome perpendicular, the others parallel to the 
axis of the curve, and confequently determine tlic 
curve, M. Eernoulh fuppofes the figure of the 
velTcl to be formed of two equal circular fcgments, 
having the keel for 3 common chord, whicli 
comes pretty near the ordinary figures. He ex- 
preffcs algebraically the differencials of the two 
ibrts of lateral refiftances, aud happily the fums of 
ihefe are found to be integrablci and conlcqaently 
he has their proportion, whence all the reft follows. 
This proportion is pretty compound. 

It changes, as we fee it muft do, at each altera* 
tion of the courfe, but there are 2 principal caufts, 
which in fome fort change the fpecits of it. There 
is always one half of the velTcl, which bears the 
reiiftance of the water, whilft the other is intircly 
covered from if. If the half expofed to the re- 
fiftance of the water is one of the two circular fcg- 
ments entire ; or if this half is compofed of the l 
equal halves of the two legmenrs, it is plain that 
the refiftance of the water is confiderably diffe- 
rent in the 2 extreme cafes, much greater in the 
firft, becaufe the veiTcI takes no advantage of iti 
pointed figure to cleave the water ; and much tcls 
in the fecond, becaufe it takes as much advantage 
of its point as pollible. Now what determines 
the half of the veflel expofed to the water is the 2 
lines parallel to the courfe, tl^e moil diftant from 
it on both fides that can be drawn through two 
points of the furface of the veflel. If they pafs 
through the 2 extremities or points of the vefiel. 
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it is in the firftcafe, and prefents to the water onljr 
One finglc circular fegment i if they pafs rhro* the 
2 extremities of the perpendicular drawn thro' the 
middle of the keel, the veflel is in the fecond ca/e, 
and prefents to the water the half of each circular 
fegment, or advance of poiflt. 

If the 2 piradels to tlie courfe pafs thro* the 2 
points of the veflcl, or extremities of the keel, 
and at the fame time are each of them tangents of 
their fegment or circular arch, it follows frond 
thence j that the arch which they touch, or die in- 
finitely fmali fide, which is one part of them at 
the point of conrad:, mn.kcs with the keel theiamc 
angle as the courfe. But if the courfe, and conle- 
quently the two parallels come ,to incline more 
upon the keel, and confequently to make with it 
a lefs angle than the fixed angle, and confifting of 
each circular arch with the fame keel, thea the 
two parallels become range ncs of the 2 circular ar- 
ches in ocher pomts, and one of the points of the 
veflx:! begins to be contained in the parcexpofed 
to the water, and is more and more fo, till at !aft 
the line of the courfe being infinitely inclined to 
the keel, or concurring wich it, the two paralhls 
are tangents of the vefiel at the two extremities of 
the perpendicular, which palfes through the mid- 
dle of the keel. But if the angle of the courfe 
with the keel is greater than that of each of the 
two circular arches with the keel, the two panjJicJs 
pals always through the two extremities of the 
keel, but without being tangents of the veflcl, the 
part expofed to the water, is always one entire cir- 
cular fegment i and laftly, the courfe may con- 
cur with the perpendicular to the keel. Thefe 
are the two principal cUcs which change the fpecies 

of 
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^ecics of the proportion between the lateral re* 
fiftances of the water. 

We fhali find the velocities oFthe veffcl of a cir- 
cular figure for different courfesj the moving fofce 
being the fame, as we have found thofe of the re<ft» 
angular veflfcl, Ic is the fame reafoning. 

But if in the veflcl of a circular figure, the po* 
fition of the line of the moving force was deter* 
mined, and the courfe was to be determined, we 
might do ic^ but by an algebraical calculation, fo 
long and fo compound, that M. Bernoulli thinks 
it more proper to fubftiiute tables, wherein the 
politions of the line of the moving force fliould an- 
fwer to all the courfeSj and the courfes to them. 
Thefe tables (hould alfo contain the velocities. 

To bring all this to the utmoft exaftnefs, we 
fliould determine the figure of the velTel, which 
would make it bear the leaft pofllble refiftance 
from the water. This determination has already 
been made for a veflel, thecourle of which fliould 
be according to the kpeJ, bur i[ is not in the fup- 
pofition of all the other poflible courfes, and as the 
refiftance of the water will change in all thefe cour- 
fes, there muft be a different figure of a veird foi* 
each of them: It does no: appear therefore, that 
geometry can afpire to this encerprife, and we 
muft hold to the trials of experience, which will 
nearly determine a mean figure, the moll fuitable 
to all the courfes. 

The pofition of the line of the mean refidance 
of the water with regard to the courfe, or which 
comes to the fame thing, with regard to the keel* 
being derermined,chis line nectiTirilypafles through 
a certain point of the keel. On an other fide the 
line of the moving force paflcs through the middle 
of the fail» and what is a neceflutry confcquencc 
©fit, through the maft to which the fail ii fiftenedv 
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or, which comes to rhc fame, through the foot of 
the mall which always refts upon the keel, or,laft- 
ly» through accrtain point of the keel. If thecourJc 
is luch, that the line of the mean refiftance of the 
watCT, and that of the moving force pais only thro* 
the fame point of the keel, the refiftance of the 
water, which is equally diftributed on both fides of 
the line of the mean refiftance, is thi:rclbrc not c- 
qualjy diftrlbuted on both fides of the line of the 
moving force, and as thcfe lines muft however be 
oae right line, the vcffel will turn till they arc 
both in this pofition. To hinder this turning, wc 
muft know through what point of the keel, the 
line of the mean refiftance of the water pailb, and 
there fix the maft. 

M, Bcmoitlli ihews how to determine this point. 
The refiftance perpendicular to the tf-v/j of the 
curve being exprefs'd algebraically and conceived 
as fo many weights faftened to a lever, which i* 
the axis^ have a common centre of gravny there- 
in. In like manner the refiftanccs paralleJ to the 
43xis have a comnnon centre of gravity upon a 
perpendicular to the axis i two perpendicular lines 
both drawn through thefe two centres of gravity, 
inter fe(rt each other in a point, which is the centre 
of gravity of the two fpeciesof refiftancefj the line 
of mean refiftance therefore muft pals through this 
point, which confequently determines the point 
where it cuts the keel, and where the maftlhould 
be fixed. 

But as the line of the mean refiftarce changes 
for every courfcj the point where tlie maft ihould 
be planted would change alfo, which being tm- 
pofiible in pradlice, we can only find for the mail 
pretty nearly a mean fituation, the moft com- 
modiolus for all the different courfcs. 

It 
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Ic remains only to redify the fuppofition of the 
£ail always fiat, it is very certain that k is not, and 
that by the adion of the wind ic takes, a certain 
curvityj thereby the line of the moving force 
changes, and it is a perpendicular to the curve of 
the fail, fach that on both fides the impuJfes of the 
wind on the differently inclined parts of the fail 
are equal, or which is the fame, that it is its axis 
of equilibrium^ as the line of the mean refiftancc 
of the water is the ajcis of equJliifrium of 2lI\ the par- 
ticular reiiftances. We muft therefore determine 
the curvity of the fail, or which is the fame pro- 
blem more fimple, the curvity of a Ample cord, 
which fhould be in the fame circumftances as the 
fail, and for this it is necefTary to eftablilh two 
principles, one of which has been already in this 
difcourfe. 

ift. A homogeneous and perfcftly flexible cord 
being ftretched, it is equally fo in all its parts, 
what figure foever it takes by the tcnfion j for if 
we conceived one part to be moreftretched, as it 
would make an effort to refume its fi ifl ftate, it 
would draw to it a lefs ftretched p;irr, which would 
,yicld to it, and confequently both would come to 
an equal tenfion. 

2. A cord, which in its different parts receives 
oblique impulfes or prefllires, is impelled or pref- 
fed only according to the perpentiiculars to the 
points of incidence, and thefe perpendiculars are 
the fines of the angles of incidence. 

When a cord bends becaufe it is drawn by weights 
or pufiied by a fluid which a£ls upon it, it is 
ftretched or impelled at the fame time and by the 
fame forces, but is equally ftretched and unequally 
impelled or preffed. And to fee the difFcrcncc of 
thefe two afttons of tenfion or preffure ftiU better. 
We need only obfervc, that a cord or any part 
F f f 2 what- 
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whatfoever of a cord, is ft retched only fo far as it 
• h drawn according to its length or dircdtion, and 
that on the contrary it is preflcd only fo far as it is 
prefled perpendicularly to this length. 

The tertfions make no alterations by themfclves 
in the dire£tton of a part of a cord, but the pref- 
fures chatvge it, fince they neceffarily impel this 
part according to a certain perpendicular. 

When a cord bends, its only becaule each of its 
infinitely fmall parts, which becomes a fide of the 
curve, receives the aftion of a power different from 
that which has a6ted on the preceding fide, or 
which fhall aft on the following. Thereby each 
little fide takes a difierentdiredtion from tl.ole of 
the two fides which contain it. If a cord was at 
the fame time unequally ftretched, and unequally 
preflTed, we ought to conceive fome fide longer,bc- 
caufc cf the inequality of lenfion, and at the lame 
lime of a dirciflion more or lets different frotn that 
of the neighbouring fide^ beeaufe of the inequality 
of prcfliire. Now I luppofe it is known, that the 
grcatnefs of the bending of a curve is in a dircd: r«- 
i/tf of thegreatnefs of the change of diredtion from 
one fide to the other, or of the angle of contingencc 
and in a reverfed ralia of the magnitude of the fides 
into which we conceive it to be divided. Therefore 
if the cord was unequally firetched and pre fled, it 
would take a curvity which would be in a raih 
compounded of the reverfed raito of the tenfions* 
and of the direct one of the preiTurcs. But the 
cord is always equaliy firetchedt therefore its 
curvity is only in a diredt ratio of the prefllireSj 
and there is the general derermination of all thefe 
forEs of curves. As the r^^^rV of the c volutes are 
always in ;i reverfed rado of the curvatures, we 
muft take ifiefe curves fo that their radii of the e* 
volute at e.iGh point may be in a reverfed ralie of 



L 



LoVAt ACADEMY of SCIENCES. 465 

the prelTure at the fame point. Therefore we have 
only to determine what ihall be the different fpecies 
ofpreflbre. 

If we confider, aswedohcrcj afailfwoln by 
the wind, the preilures will be as thelquares of the 
fines of the angles of incidence of the wind upon 
each little fide of the curve. This is plain from all 
that has been faid ■, we fuppofe that each thread of 
wind gives its flroak to the fail, after which it 
goes freely out of its cavity 5 ocherwife it would 
make in this cavity different reflexions, which 
would change the primitive impulfes, and coa- 
fequcntly the nature of the curve. 

If the fail contained an elallic fuhftance, as 
air, the fpring of which afts equally every way, it 
is plain that thepreffures being all equal, the curve 
fought would be a circle. 

If we fuppofed a linnen bent by a heavy liquor, 
which it fhould contairi, the preflures would be 
the heights of the different columns of this liquor. 

We mufl: not forget in this place that M. Ber- 
mulli finds again what he had formerly demon- 
ftratcdjthit the curve of thefiil is the Time wirh the 
catenaria^ a curve formed by a cord faftened at 
its two extremities to two fixt points, and bearing 
at all its points of which the number is infinite, as 
many equal weights. It feems that by following 
the reafonings which have been made, one may 
calily prove the idcnrity of the two curves. 

The Cfiienaria is equally ft retched in all its parts, 
and confequcntly it will be the fame as the curve 
of the fail, if the preffures on both fides follow the 
fame proportion. The prefllires of rhe catsnaria^ 
are drawingsof weights, all rhe dirc(5tions of which 
are vertical and parallel. The direction of each, 
weight is oblique to each little fide of the catemria 
and coafcquently muft be decompounded into 

perpcn^ 
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perpendicular and parallel to thtaxis of the carve, 
which is the line drawn from one of the fix: points 
to the other. The perpendicular to the axis is the 
only line, according to which the weight draws 
the fidcj it is the fine of the acute angle, which is 
made by the vertical direftion of the weight with 
the Cidtt and, if wc may fo fpeak, of the angle of 
incidence of the weight. The greater this perpen- 
dicular to the axir^ or this fine is in proportion to 
what parallelifm there is in the direfl;ion of the 
weight, the more it adts or draws with force. 

It is eafy to fee, that by taking the curve from 
one of the flxt points to ie middle^ the fines of the 
angles made by the directions of the weights with 
the fides are continually increafmg ', for all the 
weights being fuppofed equal, their afttons or 
drawings can be only as their diftances from this 
fixt point, which continually augments, but their 
aftions are as thefe fines, therefore the fines con- 
tinually augment from a fixed point, where the 
origin of the curve is, quite to its middle. 

This being fuppofed, each fide of the curve is 
fo much the more drawn, not only as each weight 
a£ls by a greater fine, but alfo as each weight atls 
with more advantage with regard to a neighbouring 
tide, for to draw the cord downward, it is fuffici- 
ent for a weight to have any force whatibever, but 
to bend it actually, it muft draw it more than an^ 
other weight draws it, without which all the ibrcc 
poflible would be of no fcrvice. In a word, 
there mull be a force in each weight, and an ine- 
quality offerees in all, I mean in one half of the 
curve. Now not only the force of two weights 
taken feparately and by themfelves will be expref- 
fed by two fines, fuch as we have marked, but 
their inequality, or proportion of forces will be cx- 
prefied by the iame finesj whence it follows, that 

the 



the drawings of thefc two weights will be as the 
fquares of thefc fines, which is exaftly the propor. 
tipn ofjj^^ffure^pf the wiod ip thie wrt« of the 
fail. Ifhercfore the curve of the fail aad the ca- 

In tjje application of M.5(?r«(7a://;'s theory to 
{!(ta6bic^ . there is a very confiderable advanuge, 
that to determine the politioq of the f «•« of eeui- 
libriim of the impulfes of the wind, or of the line 
of the moving force upon the bent fail, we are. not 
obliged to know the nature of the curve 6f the fail, 
and to calculate it,, which, would be very difficult. 
"Nl, Bernoulli demonftrates, that if from the middle 
of each of the two fidei,pne 4>o¥l?>tb^ Pthpr l3^|oW| 
which terminates the bent fail, we draw a tanjenft 
the line, which Ihall bifeft the angle of the concur- 
rence of the tangents, will be the axis oi equilibrium 
of the impulfes of the wind. 
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An Explanation of the Terras of 
Art ufed in this Volume^ which 
were not explained at the End of 
the former Foiumes. 



C 



Repufcuhm the Twilight, 
E. 



Empatement of a flower is that part which 
covers the Peiah, or coloured leaves. In a 
rofe, the five green leaves on the oudlde of the 
flower, is the Empakmsnt, 



L(,'OV 



Iris is the variegated circle, which ihrrounds 
the pupil of the eye. 



Lamina fpiralis is a thin plate, which di- 
vides the cochlea, or laft cavity of the car in* 
to two parts. That part, which is next the 

axis. 
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exis^ is bony, but extreroly brittle \ and that 
next the outer Iheil is membranous, ap- 
pearing to be only nude of the audiiory 
nerve. 



M, 



Memhrana tympanic it a thin traAJparent 
membrancj which clofcs the inner extremity of 
the meatus audiiorius. It h of an oval figure, 
ftretched out like the head of a drum j it 
makes an obmfe angle with the upper and 
back part of the meatus^ and an acute one 
with the lower and fore part. 



S. 



Summit or apex is ufed to exprefs thofe lit- 
tle buttons, which are fuftained by the chhes 
or ftamtna in flowers. _ They are moft com- 
monly of a yellow colour, and contain a fine 
golden dud, which is thought to be analogous 
to the male fperm of animals. 

Syzygia or fyzygy^ is ufed to exprefs either 
the conjunction of a planet wich the fun, or 
its oppofition to it. 



T. 



Terras of the obfcrvatory at Farh is a 
platform on the top of that famous ftrufture. 
Ic is paved with fiiots hid in moitar, cement, 
fUid lime. 
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Tympanum. \^ z. pretty, large = ^dvity, !» tlut 
"ear, fituated behind the mimb/oHh tffnpanii tt 
is kboiit 3 or' 4 lines deep, as fiianjr ^vide;, 
and between 2 or 3 high. It is lined With- a 
fine membrane, on which thera are feveral 
veins, and arteries. In this cavity are contain- 
ed 4 fmall bones, called the malleolus, the incus, 
• thi jfi^s, and tbte es orbicularii, ' 
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In the MEMOIRS of 1701. 



X* Of the meridian of the royal obfer* 
*i}atory, prolonged to the Pyreneans j by M, 
Caflini*, 

The journej^, that we made this year by order 
of the king into the fouthern provinces of his king- 
dom, was to prolong the meridian line of the roy- 
al obfervatory, to meafure it quite to the extremi- 
ties of France by geometrical operations j to di- 
vide it into degrees of the circumference of the 
earth by the obfervations of the ftars 5 to examine 
whether thefe degrees are equal between thenirelvca 
as has been fuppofed till this age» or whether they 
are fenfibly unequal, as feveral modern mathe- 
tnaticians luppofe ; whether the perpendicular lines 
marked by the plummet in our geometrical and 
aftronomical inftrumcnts, are all directed to the 
fame point, which is taken for the centre of the 
earth, according to the common hypoihefis^ or 
whether frotn different places, which are at a great 
diflrance from each other, they are directed to 
points fenfibly different, as feveral moderns con- 
je^ure. 

Thefe laft inquiries ought to have been made 
before it was undertaken to calculate the whole cir- 
cuit of the earth by a fmall part. For unlefs thefe 
• November 14, 1701. 
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two laft hypothefes of the roundnefs of the earth, and 
of the direftion of the perpendkular to the fame 
centre are well eftabliftied, there is no certainty ia 
the pra<5tice of this method. Thus Pliny had 
fome reafon to admire at the boldnefs of the hu- 
man mind, in attempting fuch difficult things. 
The enterprize alone of examining thefe two jfey- 
fofhffes by obfervations is great, and would be 
rafh without the protedtion of fo great a king. 
The bypotbefti of the roundnefs of the earth, as 
compofed of continents and feas, that of its de- 
tachment from the heavens, and of its fwrpcnfion 
in the air, was firft of all founded upon theoblcr- 
vation of the apparent motion of all the ftars from 
caft to weft, and on the diverfuy of the apparent 
conftitutioni of the heavens, in the voyages made 
almoft under the lame meridian towards the fouth 
and towards the north. This diverfity compared 
with the length of the way gave the firft views of 
meafuring the circumference of the earth by the 
obfervations of the ftars. The oldeft author now 
extant, who has related the particulars of this tne- 
thod, \^Ariflotle^'w\\Q fpeaks of it as a thing already 
in pradlice in his time. 

He expreffes himfelf to the following pur pofe, 
at the end of his fecond bookJ^ calo. 

*' It is manifeft, fays he, by the appearance of 
" the ftars, that not only the earth is round, but 
" that it is not of any immenfebignefs j for if wc 
" travel ever fo little towards the fouth and north, 
*' the horizon varies, and the vertical ftarsj which 
** we have over our heads, make a great change, 
" and are not all the fame that we fee going to the 
** north and fouth. For there are fome which we 
•' fee in Egypt^ and near Cyprus, which we do not 
" fee in the northern countries, and towards the 
** north there are fome ftars which we always fee 

** above 
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** above ground, tho' they fet in the places juft: 
" mentioned . Wherefore thofe who think tha-c 
** the lea, which is at the pillars ofHercuks, unites 
** and makes the fatne fea with that which is at the 
" Indies^ do no: imagine improbabilites, 

** The mathematicians, adds he, who endca- 
** vouTj to calculate the magnitude of the circum- 
" ference of the earth, make it amount to 400,000 
*■*- fiadia. Whence it is inferred, not only that 
** the earth is fpherical, but that ic is not very 
*' great with regard to the other ftars. 

This muft have been the language of the authors 
of this dimenfioni. ¥qt ArijtoiU iar from fuppof- 
ing the earth to be a ftar, in the preceding chapter 
refutes the Pyihagsreans of Italy^ who reckoned 
the earth in the number of the ftars, and afcribcd 
to it a motion about the centre of the world, fo as 
to make the alternative of days and nights ^ which 
they would not have done, if they had not fup- 
pofed the earth to be nearly of the fame figure and 
bignefs with the ftars. This dimeniion related by 
Arijlotk might therefore be afcribed to the Pyiha- 
goreansy who were the authors of this hypotheJtSj. 
It is almofl; twice as big as it was afterwards found 
by other mathematicians. But ic did not appear 
large enough at a time whsn there were yet 
fomc phiiolophers, who, after Xinopha^ics^ quef- 
ftioned whether ic was not of an immenfe magni- 
tude. 

Immenfum nef stent terris ima^ et largicr tsthr. 

The appearances of the flats related by Arif- 
tctjs, fuggeft two methods of undertaking the mea- 
fure of the earth, which were praflifed in the fol- 
lowing ages;One by the obfervattonsof theftars fi- 
ru.ued vertically in one place, and ata diftanccfrom 
that lituaiion in another i the other by the obler- 
Hi 2 varior. 
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vation oF the ftars in the horizon of one placej and 
elevated above the horizon of another. 

EratoJibeneSi under king Ptdomy Euergefes^ 
put the firft method in practice j he knew that at 
the time of the fummcr folfticethe fun pafled over 
the vertical point of the city of 5_)jtf»^, (icuateii in 
the confines of fi/i^/tf^Jm under the tropic oi Cancer. 
There was a well made for this obfenration, which 
on the day of the folftice at noon was quite il- 
luiminated by the fun^ and it was notorious that 
at 1^0 fiddia round it, theftyles raifcd perpendi- 
cularly on a horizontal furface made no fhadow ; 
having fuppoftfd jiUxandria and Syetie to lie under 
the fame meridiaiu he obfervcd at Altxandria on 
the day of the folftice the dillance of the fun at ihc 
vertical point, by the ftiadow of a ftyle raifcd per- 
pendicularly from the bottom of a concave hemt- 
fphcre i he fourd that this diftance was the 50th 
part of the circuaiference of a great circle; whence 
he concluded, that the diftance between thele two 
cities was the 50th part of the circumference of the 
earth. Having computed this diftance to be 5000 
/adia, he had the whole circumference 250,000 
fiadia. 

Having divided it equally into 360 degrees, 
he had 694 and almoft |- to the degree. But after- 
wards, inftead thereof he cook the round num- 
ber 700, not thinking perhaps that it would an- 
fwer to 5 or 6Jiadia in a degree, 

And multiplying yoojtadia by 360 degrees, 
he had in the circumference 252,000 /iadia^ which 
is the laft dimenfion of EralojiheneSy which he 
commonly madeufe of. Hipp^rchus'iKQ madtuib 
of it, tho he judged that z^toftadta oughc to be 
added to this dimenfion. 

DisnofHiorus only took for the femidiametcr of 
the earth ^' part of its circumference drawn frdm 

the 
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Uft dimenfion of Eratojlbems^ in the letter which 
waa found in his tomb after his death, to make it 
believed that he had gone down to the centre of 
the earth, and that having meafured the diftance 
he had found it ^2^000 Jladia, 

Vitruvius and Pliny rediTce the meafure of Era* 
iejibenes of 252;ooo Jiadia, to 31,500 Roman 
miles, allowing 8 fiadia for a mile. 

Pofftdsnius, in the time of Pompey the great, titi- 
idertook to meafure the circumference of the earth 
by the fecond method, that is, by the horizontal 
obfervations. 

He learned that at Rhodes the ftar Cmopus did 
but juft appear at the horizon, and fee immediately; 
and that at Akxandria^ which he fuppoled to be 
under the fame meridian^ it rofe above the ho- 
rizon ^g pan of the cir^Li inference of the heavens, 
which anfwers to alike part of the circumference 
of the earth of j^ f, and fuppofingthe diftancc 
between thefe a cities to be s^oo jiadia^ he had 
the whole circumference of the earth 240,000 7? a- 
dia. This is the firft dimi-nfion of Pr^jdcmuSi rc^ 
lated by Cleomedes, an author of the fame age, ad- 
ding that in muft be diminifhed, if the interval (in 
Jiaiin) is not found to be quite To great. 

Sirabo, who wrote his geography under AU' 

gujius and Jibcrius, afcribes to Pqfidenim the di- 

menfion of the circumference of the earth of 

180,000 ^adia^ which ate in the proportion of 

t-^Qopudi^ to the degree, it was not eafy to difco- 

ver the foundation of this j but here it is. The 

fime author teftifies in another placf, that Eratoj- 

thenei had meafured thedillance between Rbcdet 

• and Alixandria by inftrunients, and found it to 

be _^75o Jiadiay taking it for /g parcof rhccir^ 

cumference of the earth accord ipg to Pcjfuionius^ 

ibcre refulc iZo^ooofiadia. It may therefore be 

called 
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called the lalt dimenfion of Pp^ifl«:Vy, in which 
were ufed his dimenfions in degrees, and that of 
Mraio^benei mjladia. Ic was received by Marintts 
Tyritis the geographer and others. It is commonJy 
afcribed to Ptolomy^ becaufe he made u fe of it in 
his geography. We fhallnot here relate what is 
oppofed to thefe methods, we fbaJI only obferve, 
as a thing of fome confequcnce, that having taken 
exactly the mean between the laft dimenfions of 
Eraiojibena and of P&JtJonTUSt we have in a de- 
gree of the circumference of the earth 600 fiadia^ 
in a minute 10 fisdia, which by the account of 
Pliny and V'tiruviui make i mile ^ of the ancient 
Roman meafurc. Now the modern II alien miie is 
equal to I mile :^ of the ancient milesj thedif- 
tance of 25 miicSj which the ancients reckoned be- 
tween Bobnia and Modena being efteemed at pre- 
fent to be 20 modern miles. The modern Jiaiim 
mile is 10 Jiadidy which make a minute, according 
to the mean dimenfion between that of Eratof- 
thenes and Pojfidomus. The degree of the circum- 
ference of the earth will be therefore by this ac- 
count 60 modern linlian miles, and 75 ancient 
tniles. The circumference 21,600 modern ffliles, 
27,000 ancient miles. 

Allowing to the mean league 3 ancient miles, 
we (hall have 25 leagues in a degree, and in ihe 
whole circumference 9000 leagues. 

After Eratojibtnei and Poffidonias^ lever al have 
made ufe of the heights of the p<Je, in the mea- 
furing of the earth. The mathematicians of rhc 
CaJiph Almamon having taken the heights of the 
pole in the plains of singar, at the extremities of 
two degrees, found ^6 miles in one degree, and 56 
miles f in the other, and judged their me,ifu re 10 
be lefs than that oi Pi demy by ic miles. This is 
very different from all the «bcr dimenfions, which 

m.ikc 
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make it much greater. The geographer of JVi^^/*, 
an author of the izth cenrury, allows 25 leagues 
to the degree \ this dimenfion was confirmed by 
that of Fa-nellmi^ this author made ufe alfo of the 
heights of the pole taken from the obfervations of 
the fun, to find a place nearly under the meridian 
of Paris ^ which was a degree diftant from it, and 
having meafured the diftance of it by the wheel, he 
found it 56747 toifes, having abated the turns of 
it at difcretion. According to the eftimation of 
the people of the country, this diftance was 25 
leagues. 

Snellius^i who furpafled in exaflneJs thofc who 
had gone before him, made ufe of the heights of 
the pole obftrvcd at Alkmaer and Bergen op zosm^ 
differing between themfelves i" 11' |,and having 
meafured the diftances by the triangles^ he found 
in a degree 56^^4.6 toifes of 6 Rbinland feet each, 
and by the difference btVNCt.n Aclmaer and Leyden 
at the diftance of ^ a degree, he found 57,020 toifes 
in a degree ; He took for a mean between the 
two 57,000. M, P'uard confidering the diflferencc 
between the Rhinhnd and Paris feet, reduces it 
to 55,021 toifes. 

Above 42 years ago I made feveral attempts at 
BsUnia and at Ferrara^ to mcafure the earth, both 
by the vertical and horizontal obfervations, which 
are related by F. Ricculi in \\\% geography. It was 
only to transfer it to the meridian line, which I 
drew in the great church of St. Petronim^ to keep 
account of it, if necefTtry^ in the obfervations of 
the fun. At the diftarice of 34 toifes and 2 feet 
of Par/f, where the middle of the image of the 
fun at the winierfolfticc is, I marked the 600,000 
part of the circumference of the earth, which is in 
the proportion of 57,222 toifes to a degree. 

F. 
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F. Riccoli and Grimaldi took alfo Several ways 
atid with a great deal of care, the meafure of the 
earth, as it is related at length In the Geograpkia re- 
formal n,M, Pkard has reduced it to 64i^6^ Paris 
loifes to the degree. 

But nothing of this kind has ever been done with 
more care and exaftnefs, than what was executed 
by M. Picard in the name of the roya! academy 
of fciences, immediately after its inftitution, in 
the three firft years. 

He meafured exaftly by triangles the diftances 
between the parallels of Malvctjine, Sourdon^ and 
AinisnSi which are but at a little diftance from the 
meridian of jPijm, and he obfcrved with an in- 
ftrument of lo feet, the diftances of the fame 
fixed ftar froni the zenith of thefe 3 places, By 
the diftance between Mahmjine and Smrdm^ he 
determined the magnitude of a degree to be 
57,064 toifes, and by that between Mahsifine 
and Amiens of i** 2 2' to be 57,052 toifes. He 
took for a mean between thefe two 57,060 toifcs» 
The bafe, which he adually meafured is ri times 
greater than that of Smllius. He ufed in the 
jjme diftance but a fmal] number of triangles in 
proportion to the great number, which had been 
ufcd by Sndlius. He made ufe of inftruments 
more finely divided, and furniflied with telc- 
fcopcSj which augm-^nc and diminifli the diftanc 
objcfts better, and ferve to determine the diftances 
with a greater exadnelS. With feveral helps he 
made ufe of the fineft feafons of 3 years, I 
aflifted at feveral of thefe geographical ai)d aftro- 
nomical obfervations, which we concerted toge- 
ther. 

The meafure of the magnitude of a degree of 
the circumference of the earth, eftabliihcd by the 

academy. 
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academy, might already ferve to correft the dif- 
ferences of longitudes hitherto found by too fhort 
a meaflire. But it was thought neceflUry to under- 
take again under the king's proteftion, to deter- 
mine the longitudes of particular places by aftrono- 
mical obfervations made at the fame time at the 
royal obfervatory, and el fe where. The cclipfcs 
of the moon, which may ferve for this purpofe, be- 
ing too rare to be able to make any advantage of 
them in a Ihort time, it was propofed to make 
ufe of the obfervations of the cclipfcs of the fatel- 
litcs of Jupiter^ of which we had already given 
tableland epbimerides immediately after the infti- 
tution of the academy. For one eclipfe of the 
moon there happen above a hundred of one fmgle 
fetellite. It was found by experience, that the 
tinie of their immerfions into the fliadow of Ju- 
pitery and of their emerfions, may be deter- 
mined with more exa6tnefs and evidence, than in 
the eclipfes of the moon. The royal academy im- 
mediately attempted this with fome fatisfatflion. 
They at firft had a correfpondence of thefe obfer- 
vations with the academy of Tufiany-, which was 
then flouriihing^ and with the royal fociety of 
England. There was not an aflronomer in £«- 
rope^ who was provided with nccelHiry inllru- 
nients, that did not bear a part in thcfu obferva- 
tions, and communicate them to the academy. 
The king fent to have obfervations made not only 
on the coafts of Frafice, but in the molt confi- 
derable places of the 4 quarters of the world. 
Some religious orders, famous for the proftfllon 
of learning both divine and human, thought of 
turning thefe obfervations to the fervice of reli- 
gion in the kingdoms of the E^fl, where aftro- 
nomy is in reputation. Their obfervations, as well 
as ihofe of moft of the aftronomers ot Europe^ 
Vet. IV. N P. 4 5. Kkk com- 
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compared with thofe which were made at the 
fame time at the royskl obfervatpry of Paris, hare 
fcrved 10- determine in 3 fhort rime the differences 
of ]oogkarfe between this and moft other con- 
fiderable cities. 

ad. There was not any thing of more impor- 
tance than to have a meridian Well drawn, tis that 
of Paris might be drawn thro* all Franefi to 
take i: for bounds of the eaftern and weftern Ion- 
tudesof all the other places of the earth, as it is the 
moft illuftrious of the univcrfc. The geogmphers 
differ among themfelves in the bounds of the me- 
ffdian of Parts in the Medtterraneftn, by the whde 
extent of the country between the eaftcrn outlet <jf 
t\^^Rhonty where Ptffkmy diiedls it in his geogra- 
phy, and the city of Valencia in Spain, thro* 
which it is drawn by Hmdius in his map of Ett- 
repe. Was it not neceffary to flcar up a point of 
fo great confcqucnce in geography, and alfo in 
aftronomy for the rcdudtion of the aftrorromical 
tables from one meridian to another, and for the 
determination of the echpfe ? 

This work was bfgun by the defcription of the 
meridian at the obfervatory^ both by the obferva- 
tions of the fun at the foJftices, and by the fixed 
ftars. 

It has been feveral times obfcrved, and after 
different manners, and a mean has been taken be- 
tween the differtince*. The angles have been 
taken^ which the meridian makes with the diftant 
places fv-en at the obfcrvatory, the dillances of 
which had already been determined in the firft di- 
menfion. Perpendiculars have been drawn from 
Hiefe places to the tneridian, which determine 
their diflance to eafl: and weft, and cut the portion 
of- the meridian intercepted between the p;irallels 

of 
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of thc(e places, and of the obfervatory. And in 
calcuiatiog the diftancc of thofe places from each 
other, and the angle of the diftance from the me- 
ridian, views have been taken to the places moft 
advanced to the fouth, where the fame obferva- 
tions have been made, always forming triangles of 
the preceding diftances with the following. Thefe 
Criangles have been continued, without ever inter* 
rupting th&feries^ to the fouchcrn extremity of the 
kingdom. When there did not prefent any re- 
markable objeifts proper for the continuation of 
the triangles, there were trees or pyramids eltrvated, 
or other marks vilible at a diftance in [he places 
which were thought the moft proper for this pur- 
pofe. 

In this manner the meridian was drawn from 
Farts to the higbcft mountains of the PyrsHteans^ 
which feparate Roujfillon from Catalonia, The 
principal towns which are neareft the meridian of 
Paris^ where the celeftial obfervations have been 
made, arc Orleans^ Aubigny^ Bourses, Jitbujfon^ 
Aurillac^ Rhodes^ Alby, and Careaffoni^ which is 
cxaftly in the meridian ot Paris: Perpignan and 
CaliQure were found much nearer theeaft than was 
fuppofed. We have not neglected the difference 
between the lines drawn thro' the high mountains, 
and the arches of the circumference of the earth 
which anfwer to them. 

. In thefc highcft mountains, where \t was necefl^- 
ry to go up, the hirtght of the quickfilver in the 
barometer was obferved, to compare it with th.e 
height obferved at the fame time ac Paris, and 
to determine the heights by the comparifon with 
the obfervations made elfcwhcre upon mountain!, 
the height of which above the furface of the Tea 
had been meafurcd by levkjlhrsg. The fame 
K k k 2 heights 
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height* have been alfo obferved by means of the 
ditl^nces from one mounuin to another, and of 
their apparent heights taken by inllrumencs, con- 
tinuing toefe obfcrvaiionstothc fea. The higheft of 
all chefe mountains is the Canigou^ which is gene- 
rally covered with fnow : there had been ele- 
vated upon it in the proper fcafon, by order of the 
a fort of pyramid, which made it known 
diftancc. Its true height, taken from the 
apparent at the fea- fide, and from its diftancc, was 
found to be 1440 toifes, which arc ac leaft 15 
Jtadia. Ciecmedes fays^ there is not any moun- 
tain, of which the perpendicular height exceeds 
.15 Jfadia •, this mountain therefore, in the judg- 
ment of that author, paffcs for one of the 
higheft. 

We rtiall not relate here the obfervations which 
we have made of the great irreguJarities of the di- 
rcftion of the needle in the mountains of Litnoujin, 
Auvergne^ and Rouergue^ abounding in mines of 
iron. We muft not be furprifed if the maps of 
thefe provinces are ill laid down. They cannot 
be otherwife. if they are drawn by the compais, 
as is commonly done. 

We have made fomeobfervations of the heights 
of the pole about our meridian, about all the 
principal towns, where we made any flay in a 
iavourable feafonjand particularly in the places de- 
termined in our triangles, to compare the diffe- 
rences of the latitudes found in the heavens with 
thefe dimcnfions taken upon the earth. Our di- 
menfions upon the earth have been conErmcd by a 
bafe of 7200 toifcs a6lually mcafured, and by the 
continuaton of the triangles quite to the fea-fidc 
where we took it. 
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For fear of parting too far from the meridian in 
fo long a way, wc examined it by new obferva- 
tions in the places where we were able to do it 
conveniejitly, and wc have not found any fenfibic 
difference in it greater than what is ufually found, 
drawing it fcverai times by different obfervations 
in the fame place, 

Wc have had a correfpondence of obfervations 
of the eclipfes of the faCelHtes of "Jupiter made at 
Fans^ Lyons, Marfeilles, at the fame time that 
we made them about the meridian line, and we 
have found that the difference of the meridians de- 
termined by thefe obfervations agreed with thofe 
which we had found by the triangjesj which have 
ferved to draw the meridian nearly in the terms 
as thofe which arc made in the fame place by dif- 
ferent obfervers agree together. We have made 
the fame ufe of the eclipfe of the moon of February 

22, 1701. 

And as the difference of the meridians between 
SeLte zud Mentpellier h^d been determined by the 
obfervations of the fatcJIites of Jupiter, which were 
made by M, Picard in thofe places, compared 
with thofe which we have made at the (ame time 
at Paris^ we have been willing to find the diffe- 
rence of thefe meridians by the continuation of the 
triangles to thole places, and calculating their dif^ 
tances from our meridian, and reducing it into 
minutes and feconds, we have found it alfo to a- 
gree with thofe which we had determined by the 
(nte\ike%of Jupita; 

To have the degrees of the circumference of the 
cartli between the para lit! of the obfervatory and 
the bound of our meafure in the Pyreneans, we 
made ufe at Cff/j^ar* of an infVrument of to feet 
radius, to obfcrve fevcral fixt ftars near the Zemib^ 
and to compare them with thofe which remained 

for 



ft4 Addenda.^ 

for us CO obferve at Paris^ by the fame inArument 
the iiexE year, in the iame feafon. In the mean 
time we aiade uCe of thole which had been caken at 
Paris by the cotnraon inftrunientsv and wc found 
It £o be 6^ 18'. 

In the hypothefis of the equality of the degrees 
of the meridian drawn upon the furfiice of the earth, 
weihould have for each minute 954 toifes» 5 feet, 
2 inches 5 lines, and for each degree 57,292 toi- 
fes. But there are fome very famous mathematicians 
who quelUon this hypothefis, as well as that of 
the dire<^ion of the perpendiculars to the Ikme 
point. Since the globe of Jupiter has appeared to 
us a little oval, it has been queftioned whether the 
earth was not alfo a little oval, and after the ob- 
iervarions made by the royal academy, at Cay^ 
tnne^ Caps-Verd, uid Ji\ie American iflands, have 
informed us that the pendulums of the fame length 
make flower vibrations near theequinodlial than at 
a greater diftance i M. Huygens and Sir IJaac 
]^ewto?i have endeavoured to explain this pLenor 
memn by a hypothefis, which makes the equi* 
fio^tial greater than the meridians, fo chat its fi- 
gure would be flatted at the poles •, whereas M. 
Eifenfcbmid^ by comparing the different dimen- 
iions of the degrees made in different places, to 
make them agree together, has fuppofed the earth 
to be oval, longer from one pole to the other than 
according to the diameter of the equinoiflial, mak- 
.ingthe meridians of an elliptical figure, of which 
the perpendiculars are di reeled to different points 
of the axil. He waited however for the fuccefs of 
our dimenfions, to be able to judge of it wichmore 
certainty. 

The magnitude of the minute, which we 
have iult found m the hypQtbefts of the equality, 
in the inter yal between Paris an d the parallel of 

St. 
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5/. Elme^ exceeds that whicli M. PUard found in 
the fame hypotbefis in the interval between Maf- 
voifins and Sardsn^ which was 951 toifes I'y, and 
ftill more that which is drawn from the obferva- 
tions made at Smrdcn., and ^miens^ which make 
the minute 947 toifes. Tlic excefs of ours above 
thefirft, is aimoft 4 toifes, 5 htt\ above the fe- 
cond, 7 toifes, and almoft 5 feet: thus the fur- 
ther we recede from the equino<5tiiil, the more the 
dimenfions upon the earth diminifti, which feem$ 
favourabte to the modern hyfotbefcs, which 
we have juft related, it is difficult to find any on^ 
that makes thefe differences agree fulficientlj' to- 
gether. 

It appears however by the com pari fons which 
we have made, that in the fp.ice between the ^^^ 
ralJels of ^Wi>wj and Co//tf«r(', which is 7*^ and 
above j, the meafure of the degrees going toward 
the equinoctial increafes, fo that the following de- 
gree exceeds the preceding by its Sooth part» 
which in this interval varies from 70 toifes and 2 
feet, to 72 toifesj and i foot. The degree taken 
from the obfervatory towanJs the norrh gives us 
SJtOSS toifes, and Che degree taken from the ob- 
fervatory towards the fouth gives 57,126 toiSes f. 
By this progreflion the niagnfrudc of the other de- 
grees will be found till that which it continues uni- 
formly. The minute from the obfervatory to- 
wards the north is 951 toifes, 5 feet \, It is equal 
to the diftance between the obfervatory and the 
church of Si. Sever in, and may pafs for the 
fmajlcft diameter of Paris. Toward the fouth, 
the minure from the o fcrvntory is 951 toifes, 5 
feet, 7 inches f , and the augmentJition of i inch, 
^J-, in each minute amounts to 72 toifes from one 
drgree to another. 
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Wc have been furprifed to fee that this augmen- 
tation of ^^oth part from one degree to another, 
at this diftance from the poles, agrees with the 
augmentation of the degrees of (he true diftance of 
ihc moon in its ap&geum from the fame degrees of 
diftance between 40 and 48 degrees, from the 
pole on one fide, and the ap&geum of the moon 
on the other. For in this place the degrees of 
the true diftance of the moon in its apogeum 
increafe a!fo from one to another j g^oth part. Thus 
the perpendicular lines, which terminate the de- 
grees meafured in the heavens* would be analogous 
to the lines of the mean longitudes of the moon, 
and rh? arches of the circumference of the earth 
between thefe perpend tcubrs would be of the 
fame magnitude as the arches of the fame circum- 
ference contained between the lines correfponding 
with thofe of the mean motion of the moon. 

If this equality, which is found in thefe 7 de- 
grees of the circumference of the earth, of which 
we have the dimensions, is found in the whole 
circumference ; it is what we dare not advance, 
tho' the moon has fomc ihare in the equilibrium of 
the fea, to which it brings fome variation evident 
in the flux and reflux regulated by its motions. It 
would be a faft to be verified by dimenfions of a 
greater exrent, if other princes would contribute 
as much as the king to the perfeftion of the 
fciences. 
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